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The  experiments  described  in  this  second  Part 
of  “  Magnetical  Investigations,”  were,  to  a  very 
considerable  extent,  made  some  years  ago.  They 
have  been  carried  forward,  however,  at  intervals, 
as  the  Author’s  arduous  professional  duties  would 
admit,  to  the  present  time;  and  the  publication 
of  the  results  obtained  has  been  deferred  until 
all  the  objects  of  inquiry,  belonging  to  the  de¬ 
partment  of  experimental  research,  which  were 
originally  contemplated,  or  have  been  suggested 
in  the  progress  of  the  Investigations,  have  been 
completed. 

It  is  hardly  needful  to  say  that  the  researches 
have  been  of  a  very  elaborate  nature  and  extent. 
The  Tables  given  in  this  part  of  the  work  alone 
are  the  result  of  above  four  thousand  observations 
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on  the  deviations  produced  by  the  numerous 
magnetical  plates  and  bars  subjected  to  experi¬ 
ment,— -each  observation  requiring  the  needle 
of  a  five-inch  compass,  after  being  disturbed  by 
the  influence  of  the  magnet  to  be  tested,  to  attain 
a  stationary  position,  and  the  angle  of  deviation 
from  the  magnetical  meridian,  to  be  read  off  to 
within  a  minute  or  two  of  a  degree.  And  besides 
this  labour  by  the  method  of  deviations,  a  large 
number  of  magnetical  bars  of  the  horse-shoe  form, 
etc.,  had  to  be  otherwise  tested  ;  and  the  results 
obtained  by  the  different  modes  of  experiment 
required  to  be  tabulated,  in  many  cases  at  a 
considerable  addition  of  trouble,  for  reducing  the 
observations,  and  for  obtaining  the  exact  measures 
and  weights  of  the  bars  or  plates  employed. 

Similar  investigations,  as  some  of  these  here 
described,  have,  as  is  well  known,  been  before 
made,  and  analogous  results,  in  certain  cases, 
obtained.  The  very  extensive  range  of  inquiry 
here  pursued,  however,  with  a  constant  adher¬ 
ence  to  the  same  modes  of  experimenting  and 
testing,  will,  the  Author  hopes,  not  only  excuse 
his  having  gone  over  some  ground  previously 
examined  ;  but  will  yield  a  measure  of  newness 
— by  the  unity  of  method  and  ampleness  of  in¬ 
vestigation  in  the  vast  varieties  of  mass,  form, 
quality,  temper,  and  denomination  of  the  mag¬ 
nets  made  use  of — to  the  researches  themselves 
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Besides  the  experimental  inquiries  of  the  first 
and  second  Parts  of  these  Magnetical  Investiga¬ 
tions,  the  Author  has  always  contemplated,  if 
leisure  and  health  should,  in  Providence,  be 
yielded  him,  to  extend  the  work  to  two  or 
three  additional  parts,  embracing, — Practical 

Magnetics,  with  the  application  of  these  Inves- 

/ 

tigations  to  the  improvement  of  Magnetical 
Instruments  and  Apparatus ;  various  original 
illustrations  of,  and  experiments  on,  Magnetical 
Principles,  and  Phenomena,  etc.,  etc. 

It  may  be  proper  to  state,  however,  that  the 
two  Parts  of  the  work  now  before  the  public 
have  been  so  adjusted  as  to  be  complete  in 
themselves, — the  last  sheet  of  Part  I.,  having 
been  cancelled,  and  the  substituted  sheet  g 
placed  at  the  conclusion  of  this  Part,  in  order 
that  the  connection  betwixt  the  two  portions 
might  be  more  perfect. 

The  Author  has  only,  in  conclusion,  to  add, 
that  whatever  benefit  to  science  his  labours 
might  be  calculated  to  yield,  or  to  his  country, — 
for  aiding  the  improvement  of  an  instrument 
heretofore  so  exceedingly  defective  and  uncer¬ 
tain  as  the  sea-compass, — such  benefit  be  is  most 
desirous  should  be  fully  realized,  and  he  has 
taken  some  pains  to  render  that  desire  effective. 
In  order  to  this,  the  Author  has  communicated, 
without  reserve,  to  Messrs.  Stubs  (of  the  firm 
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“  Peter  Stubs”),  manufacturers  in  steel,  of 
‘Warrington,-— the  principal  practical  modes  of 
constructing,  magnetizing  and  testing  the  various 
kinds  of  plates  and  bars  described  in  this  work, 
or  designed  for  being  employed  in  magnetical 
apparatus.  The  employment  by  Messrs.  Stubs 
of  first-rate  workmen  in  all  the  departments  re¬ 
quisite  for  the  construction  of  magnetical  instru¬ 
ments,  and  especially  for  hardening  or  tempering ; 
their  extensive  engagement  as  manufacturers  of 
steel;  with  the  deserved  celebrity  which  their 
files  and  tools  have  gained  for  their  firm,  not 
only  in  England,  but  in  many  parts  of  the  world 
abroad, — will  at  once  enable  them  to  undertake 
the  kind  of  work  referred  to  with  peculiar 
advantages,  and  be  a  guarantee  to  the  Author 
and  to  the  Public,  of  its  being  faithfully  and 
efficiently  done. 


Bradford,  Yorkshire, 
November  7th,  1843. 


y 


CONT  E  N  T  S. 


PART  II. 


INVESTIGATIONS  CONCERNING  THE  LAWS  OR  PRINCIPLES 
AFFECTING  THE  POWER  OF  MAGNETIC  STEEL  PLATES 
OR  BARS  IN  COMBINATION. 


CHAPTER  I. 

PAGE 

AS  TO  THE  POWERS  OF  COMBINATIONS  OF  MAGNETIZED 

PLATES  OF  TEMPERED  STEEL  IN  CONTACT  -  97 

RESULTS  --------  109 


CHAPTER  II. 

ON  THE  POWERS  OF  COMBINATIONS  OF  MAGNETIZED 

STEEL  PLATES,  SEPARATED  BY  LIMITED  SPACES  -  119 
RESULTS  --------  128 


CHAPTER  III. 

ON  THE  RELATIVE  POWERS  OF  COMBINATIONS  OF  MAG¬ 
NETIZED  STEEL  PLATES  OR  BARS,  AS  AFFECTED  BY 
DIFFERENCES  IN  THE  DEGREE  OF  HARDNESS  OR 


NATURE  OF  THE  TEMPER 


132 


X 


CONTENTS. 


PAGE 

Sect.  I. — Of  the  relative  Powers  of  Combinations  of  Magnetized 
Steel  Plates,  as  affected  by  changes  in  the  temper  of  the  same 
series  of  Plates  -  -  133 

Sect.  II. —  Of  the  Magnetical  Powers,  separately,  and  in  combi¬ 
nation,  of  Steel  Plates  variously  tempered,  both  in  extent  of 
surface,  and  in  degree  of  hardness  -  -  -  -  -  153 

Sect.  III. —  Of  the  Magnetic  Powers  of  Combinations  of  very  hard 
Plates  and  Bars  --------  159 

1.  As  to  hard  Plates-  -------  159 

2.  As  to  hard  Bars  in  combination  -  -  -  -  -  168 

RESULTS  -  -  -  -  -  -  “  -175 


CHAPTER  IV. 

ON  THE  RELATIVE  POWERS,  IN  COMBINATION  AND  SEPA¬ 
RATELY,  OF  HARD  PLATES  OR  BARS  OF  STEEL  OF 
DIFFERENT  DENOMINATIONS  AND  QUALITIES  -  -  185 

Sect.  I. — Of  the  Magnetical  Powers,  in  combination,  of  Steel 
Plates  (7'5  inches  in  length)  of  different  denominations,  but 
of  the  same  original  quality  of  Iron  -----  189 

1  •  Experiments  with  Steel  of  different  denominations, 
converted  out  of  Stubs’s  Steel  -  -  -  -  -  -189 

2.  Experiments  with  Steel  of  different  denominations, 
converted  out  of  best  Swedish  iron,  marked  hoop-L  -  -  195 

Sect.  II. —  Of  the  Magnetical  Powers,  in  combination  and 
separately,  of  Steel  Plates  (7*5  inches  in  length)  of  similar 
denomination,  but  of  different  qualities  of  the  original  iron  196 


CHAPTER  V. 

ON  THE  MAGNETICAL  POWERS  OF  STEEL  PLATES  OF 
DIFFERENT  MASSES,  DENOMINATIONS,  AND  QUALITIES, 

AND  MEASURES  OF  COMBINATION,  PREPARED  FOR 
THE  NEEDLES  OF  SEA-COMPASSES,  WITH  THE  EFFECT 
OF  SPACING  THE  PLATES.  -----  202 

Sect.  I.- — Experiments  with  Plates  for  Compass- needles  of  best 
cast-steel,  tempered  equally  throughout,  at  a  spring  temper  204 

Sect.  II. — Experiments  with  Plates  for  Compass- needles,  of 
superior  qualities  of  steel  of  various  kinds  and  denominations, 
made  quite  hard  -  --  --  --  -  208 

1.  Experiments  with  five  series  of  6-inch  Compass-plates, 
being  0  56  inch  broad  -------  209 

2.  Experiments  with  five  series  of  7'5  inch  Compass- 
needles,  of  0  75  inch  in  breadth  ------  210 


CONTENTS. 


M 


CHAPTER  VI. 

VAGE 

ON  THE  EFFECTS  OF  THE  ANNEALING  OF  HARD 

STEEL  PLATES  OF  DIFFERENT  KIND  AND  MASSES, 

ON  THEIR  MAGNETICAL  PROPERTIES,  BOTH  SINGLY 

AND  IN  PAIRS  -  -  -  -  -  -214 

Sect.  I.  —  On  the  Effects  of  annealing  Hard  Steel  Plates  in 
boiling  linseed  Oil  --------  223 

1.  First  Series  of  24  Plates  ------  223 

2.  Second  Series  -  --  --  --  -  226 

Sect.  II _ On  the  Effects  of  annealing  on  hard  Steel  Plates,  in 

hot  Oil,  at  various  degrees  of  temperature  -  228 

Sect.  III. — On  the  Effects  of  annealing,  at  various  Temperatures, 
on  the  Magnetic  Powers  of  hard  Steel  Pars,  single  and  com¬ 
pound,  of  the  Horse-shoe  form  ------  235 

RESULTS  --------  250 

§  I.  Results  in  respect  to  difference  of  Denomination  in  the 

same  quality  of  hard  Steel  -----  254 

§  II.  Results  in  respect  to  difference  of  Quality  in  the  same 

denomination  of  hard  Steel  -----  258 

$  III.  Results  as  to  the  Changes  in  Magnetic  Properties 
produced  in  hard  Steel  of  different  denominations  and 
qualities  by  annealing  in  boiling  linseed  Oil  -  -  200 

§  IV.  Effects  of  annealing  on  the  Energy  of  hard  straight- 
bar  or  plate  Magnets,  at  degrees  of  temperature  inferior 
to  that  of  boiling  Oil  ------  266 

§  V.  Results  on  the  Magnetical  Capacities  and  Powers  of 
Steel  Plates,  or  Bars,  adapted  for  Sea- compasses,  both 
single  and  compound,  whether  hard,  or  whether 
annealed  at  various  temperatures,  with  the  Effects  of 
spacing  the  Plates  -------  270 

§  VI.  Results  in  respect  to  the  peculiar  Effects  of  hardness 

and  annealing  on  Magnets  of  the  Ilorse-shoe  form  -  278 

CHAPTER  VIE 

ON  THE  POWERS  OF  HARD  STEEL  BARS  COMBINED  IN 
VARIOUS  WAYS,  AS  ALSO  IN  PROPORTIONAL  MASSES, 

SO  AS  TO  FORM  COMPOUND  MAGNETS  OF  LARGE 
DIMENSIONS  AND  OF  GREATER  LENGTHS  THAN  THOSE 
OF  THE  ORIGINAL  ELEMENTARY  BARS;  WITH  A 
PRELIMINARY  INVESTIGATION  CONCERNING  THE 
METHODS  OF  DETERMINING  THE  RELATIVE  POWERS 
OF  MAGNETS  OF  DIFFERENT  LENGTHS.  -  -  283 

Case  I — Comparison  of  the  Powers  of  various  Bar-magnets 
of  the  same  length  (viz.  six  inches),  as  determined  by  the 
methods  of  Torsion  and  of  Deviations,  in  order  to  the  further 
verification  of  the  method  of  Deviations  -  289 


Xll 


CONTENTS. 


PAGE 

Case  II. —  The  Determination,  experimentally,  in  Magnets  of 
different  lengths,  of  the  relation  of  their  respective  deviating 
effects  (at  distances  from  the  Compass  proportional  to  then- 
several  lengths)  to  their  actual  directive  powers  -  292 

Case  III.  The  comparative  Capacities  for  Magnetism  of  equi¬ 
valent,  or  similarly  proportioned,  Bars  of  Steel  of  different 
lengths,  as  Determined  both  by  the  method  of  Deviations  and 
that  of  Torsion  295 

Sect.  I. — -As  to  the  proportional  Powers  of  Magnets  of  different 
lengths,  but  in  all  other  respects,  both  as  to  dimensions  in 
breadth  and  thickness,  and  in  quality  and  hardness  of  Steel, 
the  same  -  --  --  --  --  810 

Sect.  II.' — As  to  the  proportional  Powers  of  Magnets  combined 

as  in  the  figures  (plate  j'v.),  compared  with  those  in  a  single 
pile,  or  fasciculus  --------  313 

Sect.  III.  —  As  to  the  relation  of  the  Powers  of  Bars  of  twelve 
and  of  those  of  eighteen  inches  when  combined  so  as  to  con¬ 
stitute  masses  of  the  same  form,  dimensions,  and  weight  -  315 

Sect.  IV. —As  to  the  relative  Powers  of  Combinations  of  twelve 
or  eighteen  inch  bars,  each  kind  by  itself,  and  those  of  equal 
masses  and  dimensions  composed  of  the  two  kinds,  intermixed  316 

Sect.  V. — As  to  the  relative  Powers  of  various  Combinations  of 
Bars  of  the  same  description  (except  as  to  the  length  of  the 
integrant  bars)  in  proportional  masses  -  -  -  -  31 7 

Sect.  VI. — As  to  the  extent  to  which  small  Magnets,  mad  e 
quite  hard,  may  be  advantageously  combined,  with  a  view  to 
the  formation  of  larger  artificial  Magnets  than  have  yet  been 
constructed  .  -  -  -  -  -  -  -  -319 

GENERAL  RESULTS  -----  -  324 


CHAPTER  VIII. 

OF  THE  MAGNETICAL  POWERS,  RECEPTIVE  AND  PERMA¬ 
NENT,  OF  CAST  IRON,  BOTH  IN  SEPARATE  BARS 
OR  PLATES,  AND  IN  VARIOUS  COMBINATIONS  OF 
PLATES  --------  330 

RESULTS  --------  344 


CHAPTER  IX. 

ON  THE  MEASURE  OF  PERMANENCY  OF  THE  ENERGY 
IN  STRAIGHT-BAR  MAGNETS,  BOTH  SINGLE  AND 
COMPOUND,  AND  OF  DIFFERENT  DEGREES  OF  HARD¬ 
NESS,  AS  SELF-SUSTAINED,  OR  AS  INFLUENCED  ONLY 
BY  TERRESTRIAL  MAGNETISM  -  348 

-  361 


RESULTS 


MAGNETICAL  INVESTIGATIONS. 


PART  II. 


INVESTIGATIONS  CONCERNING  THE  LAWS  OR  PRINCIPLES 
AFFECTING  TIIE  POWER  OF  MAGNETIC  STEEL  PLATES  OR 
BARS  IN  COMBINATION. 


CHAPTER  I. 

AS  TO  THE  POWERS  OF  COMBINATIONS  OF  MAGNETISED  PLATES 
OF  TEMPERED  STEEL,  IN  CONTACT. 

This  important  object  of  inquiry — as  affecting 
both  the  directive  power  of  compass  needles 
and  the  energy  of  compound  magnets — has  been 
pursued  to  a  much  greater  extent,  and  with  a 
much  larger  variety  and  assortment  of  plates 
and  bars,  than  it  may  here  be  necessary,  or 
indeed  useful,  to  describe. 

In  the  whole,  the  powers  in  combination  of 
about  forty  sets  of  plates  or  bars,  have  been 
carefully  tried,  in  their  respective  series  of  from 
2  to  192  together,  —  the  total  amount  of  mag¬ 
netised  pieces  of  steel,  subjected  to  experiment, 
being  scarcely  less  than  from  seven  to  eight 
hundred.  And  in  several  of  the  sets  of  bars  or 
plates,  the  powers  in  combination  were  likewise 
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determined  for  every  amount  of  numbers,  by 
successive  additions  of  bar  by  bar,  or  plate  by 
plate,  up  to  the  total  quantity  in  the  particular 
series. 

The  numerous  series  employed  were  of  various 
dimensions,  from  plates  or  bars  of  six  inches,  to 
two  or  even  three  feet,  in  length.  They  com¬ 
prised  steel  of  different  qualities,  and  of  the 
several  conditions  of  hardness,  from  that  which 
was  perfectly  soft  to  that  which  was  “as  hard 
— to  use  the  technical  language  of  the  smith  or 
cutler — as  fire  and  water  could  make  it.” 

The  investigations  concerning  the  relative 
powers  in  combinations  of  bars  and  plates  of  dif¬ 
ferent  weights,  served  to  confirm  the  principles 
deduced  from  the  experiments  made  with  single 
bars  in  Part  I.  By  applying  the  powers,  indi¬ 
cated  by  the  tangents  of  the  deviations,  to  the 
diagram,  Plate  n.,  and  correcting  them  by  the 
scale  of  equation  of  deviations,  the  combinations 
of  magnetic  plates,  as  compared  with  the  powers 
of  single  bars  of  the  same  length ,  were  satisfac¬ 
torily  determined.  The  comparison  of  bars  of 
different  lengths ,  however,  by  this  process,  is, 
unless  proximately,  a  matter  of  some  difficulty. 

A  selection  of  the  most  characteristic  and 
conclusive  of  these  investigations  will  now  be 
given.  But,  in  this  chapter,  the  selection  will  be 
only  of  a  particular  class  of  experiments,  made 
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with  steel  tempered  in  the  same  way,  and  of 
a  similar  degree  of  hardness.  The  resulting 
temper  of  these  bars  and  plates  was  that  of  a 
spring  temper  throughout  the  mass, — each  bar 
or  plate  being  first  made  cpiite  hard,  from  end 
to  end,  and  then  reduced  to  a  blue  colour,  by 
a  second  heating,  and  there  fixed. 

As  the  results  with  steel  plates  of  different 
lengths  were  found,  in  all  essential  points, 
correspondent — one  example  may  be  sufficient 
to  be  described  in  detail.  And  for  this  it  will 
be  convenient,  for  the  purpose  of  comparison, 
to  adopt  the  experiments  made  with  the  two- 
feet  plates  of  tempered  cast  steel  described  in 
page  38.  These  plates,  it  may  be  remembered, 
constituted  an  uniform  series  of  thirty-two  in 
number — being  1*5  inches  broad,  and  *042 
inch  thick,  and  of  the  average  weight  of  2869 
grains.  The  quality  and  temper  of  these  plates 
were  in  general  very  equable;  the  deviating 
power  on  the  compass,  at  one  length  distance, 
being,  in  the  weakest,  about  15°,  and,  in  the 
strongest,  18°  30',  and  the  mean  power  of  the 
whole,  as  tried  separately,  being  16°  10'. 

These  plates  were  all  pierced  with  four  cor¬ 
responding  holes,  two  about  an  inch  from  the 
centre,  and  two  about  an  inch  and  a  half  from 
the  ends,  as  represented  in  the  annexed  figure : 
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By  these  holes,  any  number  of  the  plates  could 
be  readily  combined  together,  and  firmly  screwed 
by  means  of  brass  pins,  with  screw  nuts,  put 
through  them.  The  particular  size  of  the  plates 
was  adopted  for  the  purpose  of  a  more  satisfactory 
comparison  with  a  pair  of  bars  by  M.  Gauss, 
in  the  Royal  Observatory  at  Greenwich,  which 
appear  to  be  of  admirable  quality  and  of  very 
superior  power.  And  this  degree  and  mode  of 
tempering  was  fixed  on,  at  the  early  stage  of 
my  researches,  as  the  first  advance  towards  an 
improvement  in  the  ordinary  method  of  con¬ 
structing  compass  needles  and  magnets,  in  this 
country, —  the  prevalent  method  consisting  of  a 
mere  tempering  of  the  ends,  whilst  the  inter¬ 
mediate  portions  are  either  left  in  the  original 
state  of  the  steel,  or,  according  to  Capt.  Kater’s 
recommendation,  reduced  to  the  soft  state.  For 
even  this  alteration,  in  the  usual  method  of  con¬ 
structing  magnets,  it  was  inferred,  as  the  results 
already  described  abundantly  indicate,  would 
yield  additional  retentiveness  ;  and,  by  virtue  of 
that  quality,  would  admit  of  a  larger  number  of 
plates  or  bars  being  combined  with  advantage, 
than  when  tempered,  after  the  ordinary  method, 
by  a  moderate  hardening  only  at  the  ends. 

Corresponding  with  the  steel  plates  now  de¬ 
scribed — in  length,  breadth,  and  quality  of  steel 
—  I  procured  from  the  same  manufacturer  four 
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bars  of  about  '62  inch  in  thickness, — the  two  best 
of  these  being  of  a  similar  degree  of  hardness 
with  that  of  the  two-feet  plates,  and  weighing 
6*281  and  6*236  pounds  of  7000  grains,  or  6*258 
pounds,  the  mean  weight. 

The  modes  of  magnetising  the  plates  and 
bars,  and  of  determining  their  respective  powers 
having  been  described  in  Part  I.  Chapters  II. 
and  III,  —  we  are  prepared  for  the  consideration 
of  the  investigations,  with  this  apparatus,  con¬ 
cerning  the  law  of  combination  of  magnetised 
plates  of  tempered  steel ,  in  immediate  contact. 

The  whole  series  of  two-feet  plates  was,  in 
the  first  instance,  carefully  magnetised  to  their 
utmost  capabilities,  by  means  of  the  two-feet 
bars  above  described,  and  by  the  process  K.S. 
(p.  13),  and  their  power  of  deviation  determined 
at  the  distance  of  two  feet,  or  one  length,  from 
the  centre  of  the  compass,  on  the  “  trial-board  ” 
(p.  31).  One  fasciculus  was  then  formed  of 
the  whole  of  the  plates,  and  the  position  of  the 
plates  changed  by  separating  the  fasciculus 
about  the  middle,  and  replacing  the  two  portions 
in  a  different  manner;  so  that  those  at  first 
in  the  middle  were  brought  to  the  surface,  and 
those  originally  at  the  top  and  bottom  were 
brought  in  contact  at  the  middle.  By  this  means, 
the  whole  of  the  bars  were  subjected  to  a  very 
similar  degree  of  violence.  By  a  second  trial 
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of  their  deviating  power,  they  were  then  sepa¬ 
rately  tested,  and,  having  been  numbered,  had 
their  individual  deviations  registered.  Two  of 
the  plates,  however,  being  found  considerably 
weaker  than  the  rest,  were  rejected,  and  the 
subsequent  experiments  made  without  them. 

Thirty  of  them  being  then  remagnetised  up 
to  their  original  energy,  they  were  progressively 
combined  on  the  trial-board,  and  the  magnetic 
power  of  the  mass  was  examined  (taking  the 
mean  deviation  produced  by  the  two  poles  of 
each  series)  at  every  addition  from  one  to  thirty 
plates, —beginning,  in  the  first  experiment,  with 
the  strongest  plates,  and  proceeding  in  order 
with  those  of  less  and  less  tenaciousness;  and, 
in  the  second  experiment,  taking  the  plates  in 
the  reverse  order.  The  annexed  Table  shews  the 
twofold  series  of  experiments,  together  with  the 
ratio  of  the  increase  of  power,  —  and  from  the 
diminishing  accession  of  energy  observed,  the 
absolute  loss,  by  the  deteriorating  influence  of 
the  augumented  tension,  is  finally  determined. 
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No.  of  Plates. 

First 

Combination. 

Re  verse  Order.! 

Ratio  of  Increase  of  Power. 

Deviation. 

Tangent. 

Deviation. 

Tangent. 

I 

Mean  of 

Tangents. 

Gain  of 

Power. 

Power  of 

Plates 

Separately. 

Loss  by 

Increase  of 

Mass. 

i. 

ii. 

hi. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

1 

0  ' 

16*8 

289 

°  ' 
16-35 

298 

293 

293 

290* 

-  - 

2 

29-3 

555 

27-48 

527 

541 

248 

580 

39 

3 

38-20 

791 

36-16 

734 

762 

221 

870 

108 

4 

45-6 

1004 

42-21 

911 

957 

195 

1160 

203 

5 

510 

1235 

46  37 

1058 

1146 

189 

1450 

304 

G 

54-18 

1392 

50-15 

1202 

1297 

151 

1740 

443 

7 

57-23 

1563 

53-50 

1368 

1465 

168 

2030 

565 

8 

59-12 

1678 

56-8 

1490 

1584 

119 

2320 

736 

9 

60-52 

1794 

57-49 

1589 

1691 

107 

2610 

919 

10 

61-56 

1875 

59-5 

1670 

1772 

81 

2900 

1128 

11 

63-12 

1980 

60-3 

1736 

1858 

86 

3190 

1332 

12 

64-4 

2056 

61-3 

1808 

1932 

74 

3480 

1548 

13 

64-44 

2119 

61-49 

1866 

1992 

60 

3770 

1778 

14 

65-23 

2183 

62-28 

19J8 

2050 

58 

4060 

2010 

15 

65-48 

2225 

63-4 

1968 

2096 

46 

4350 

2254 

1G 

66-10 

2264 

63-43 

2025 

2144 

48 

4640 

2496 

17 

66-40 

2318 

64-10 

2066 

2192 

48 

4930 

2738 

18 

66-58 

2352 

64-45 

2120 

2236 

44 

5220 

2984 

19 

67-10 

2375 

65-10 

2161 

2268 

32 

5510 

3242 

20 

67-19 

2393 

65-42 

2215 

2304 

36 

5800 

3496 

21 

67-25 

2404 

66  0 

2246 

2325 

21 

6090 

3765 

22 

67-33 

2420 

66-28 

2296 

2358 

33 

6380 

4022 

23 

67-37 

2428 

66-48 

2333 

2380 

22 

6670 

4290 

24 

67-54 

2463 

67-5 

2365 

2414 

34 

6960 

4546 

25 

67-35 

2424 

67-21 

2396 

2410 

—  4 

7250 

4840 

26 

67-26 

2406 

67-45 

2444 

2425 

-}-  15 

7540 

5115 

27 

67-31 

2416 

681 

2477 

2446 

21 

7830 

5384 

28 

67-22 

2398 

68-16 

2509 

2453 

7 

8120 

5667 

29 

67-17 

2389 

68-32 

2543 

2466 

13 

8410 

5944 

30 

67-22 

2398 

68-54 

2592 

2495 

29 

8700 

6205 

*  The  average  power  of  the  different  plates  was  about  1G°  10, 
tangent  290,  from  which  average,  column  viii.  has  been  calculated — 
the  loss  by  combination,  column  ix.,  being  the  difference  of  columns 
vi.  and  viii. 


The  advantage  of  combination  herein  —  in  the 
yielding  of  additional  magnetic  power  —  becomes 
very  obvious,  when  we  compare  the  powers  of  the 
single  bar  magnet,  (described  at  p.  101,)  with 
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ail  equal  mass  of  these  plates.  One  of  the 
single  bars  weighing  6’236  lbs.  was  found,  when 
fully  magnetised,  to  acquire  a  deviating  power 
of  54°  12',  of  which  the  tangent  is  1386;  whilst 
fifteen  plates,  in  close  combination,  of  steel  of 
similar  quality,  temper,  and  dimensions,  being 
of  nearly  the  same  weight,  (6*150  lbs.),  exhibit 
a  mean  power  of  64°  30)  the  tangent  being  2096. 

After  the  completion  of  the  series  of  experi¬ 
ments  of  the  “Reverse  Order”  in  this  Table, 
the  thirty  plates  were  again  separated  into  five 
parcels  of  six  each  as  before  (the  six  best  plates 
being  called  series  A,  and  the  next  in  order  of 
strength  B,  etc.),  when  their  respective  condi¬ 
tions,  as  shewn  by  their  influence  on  the  compass, 
were  found  to  be  as  follow:—- 


Series. 

Deviation  at  One  Length  Distance. 

N.  end. 

S.  end. 

Mean. 

Tangent. 

A 

O  ' 

46-4 

O  ' 

46-14 

O  ' 

46-9 

1041 

B 

43-18 

42-0 

42-39 

921 

C 

41-0 

39-30 

4015 

847 

D 

37-26 

35-36 

36-31 

740 

E 

9-46 

11-4 

10-50 

191 

The  sum  of  the  tangents  of  these  five  series 
being  3740,  whilst  the  highest  tangent  of  the 
whole  in  one  mass  (thirty  plates,  col.  v.)  was 
only  2592 — it  was  hence  found  that  the  deterio- 
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ration  by  combination  was  not  altogether  per¬ 
manent;  but  partially  recoverable  on  separation. 
In  this  instance,  the  recovery  of  power  as  ex¬ 
pressed  by  the  difference  of  the  tangents  (3740 — 
2592  =  1 148)  was  equal  to  almost  one-half  of 
the  entire  power  when  the  thirty  plates  were 
combined  in  one  mass. 

But  this  does  not  express  the  whole  of  the 
suppressed  power,  capable  of  being  recovered 
by  the  individual  separation  of  the  plates.  For 
the  determination  of  the  total  quantity  of  power, 
which  might  be  considered  as  in  a  state  of 
elasticity ,  it  was  necessary  still  to  ascertain  the 
actual  state  of  the  plates,  after  their  full  com¬ 
bination,  separately ,  so  as,  by  the  sum  of  their 
respective  tangents,  to  determine  the  entire 
amount  of  power  recovered. 

Proximately,  and  sufficiently  near  for  the  pur¬ 
pose  herein  contemplated,  trial  was  made  of 
the  individual  powers  of  two  series  of  six  plates 
— series  A  and  C.  The  power  of  each  series  in 
combination  was  first  determined,  immediately 
before  the  examination  of  the  plates  separately 
—  because  the  whole  mass,  having  lain  for  some 
days  together  in  contact,  had  sunk  below  the 
power  exhibited  in  the  Table.  The  state  of  each 
of  the  two  series  in  combination,  and  with  their 
plates  tried  separately,  is  exhibited  in  the  Table 
following. 
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Series  A. 

Series  C. 

No.  of 
Plates. 

Mean 

Deviation. 

Tangent. 

No.  of 
Plates. 

Mean 

Deviation. 

Tangent. 

6  Plates. 

0  ' 

42-5 

903 

6  Plates. 

40-45 

862 

No.  I. 

1 1*10 

197 

No.  I. 

8-17 

146 

II. 

11*2 

195 

II. 

10-8 

179 

III. 

9-43 

171 

III. 

8-40 

152 

IV. 

10-32 

186 

IV. 

9-20 

164 

V. 

10-7 

178 

V. 

10-7 

178 

VI. 

6-48 

119 

VI. 

7-25 

130 

Sum  - 

1046 

Sum  - 

949 

From  hence  we  find  a  still  further  and  con¬ 
siderable  recovery  of  the  power  which  had  been 
in  a  state  of  elasticity  in  each  of  the  series  — the 
gain  in  series  A,  by  total  separation,  indicated 
by  the  difference  of  the  tangents  903  and  1046, 
being  betwixt  one-sixth  and  one-seventh;  and 
in  series  C,  about  one-tenth. 

Another  circumstance  to  be  noted,  in  regard 
to  the  remarkable  effects  of  combination  on  the 
weaker  bars  or  plates,  is  the  practical  fact,  that 
such  effects  result  not  so  much  from  inferi¬ 
ority  in  capacity  of  these  bars,  as  from  the 
measure  of  violence  to  which  they  are  subjected. 
For  it  was  always  found,  as  indeed  theory  would 
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have  anticipated,  that  any  change  made  in  the 
number  of  the  plates  combined,  made  a  material 
alteration  in  the  comparative  results;  for  the 
plates  which,  in  the  more  numerous  combina¬ 
tion,  almost  entirely  lost  their  power,  when 
placed  under  less  severity  of  tension  or  violence 
in  smaller  masses,  were  capable  of  retaining  a 
very  considerable  proportion  of  their  original 
energy.  Thus  the  whole  series  (omitting  two), 
as  divided  into  five  sets  of  six  plates  each, 
commencing  with  the  six  strongest,  marked  A, 
and  gradually  proceeding  with  the  less  tenacious 
ones  to  set  E,  and  then  being  remagnetised, 
gave  the  following  results:  — 


A 

B 

C 

D 

E 


Mean  Deviation 
of  the  two  Poles. 

.  53*25 

.  50*45 

.  50*56 

.  49*45 

.  48*15 


So  that  the  six  plates  of  set  E,  which,  when 
in  the  mass  of  thirty,  had  their  total  power 
reduced  to  about  9°  46' =  tangent  191,  were 
found  capable  of  retaining,  with  tolerable  per¬ 
manency,  a  power  of  48°  15'  =  tangent  1120, 
exhibiting,  when  in  this  more  limited  combina¬ 
tion,  a  power  nearly  six  times  greater  than 
before  !# 

*  No  account  is  here  taken,  or  in  any  other  of  the  deduc¬ 
tions,  as  to  projfortiunal  powers  of  magnets,  mentioned  in  this 
Part  of  the  work,  of  the  “equation  of  deviations”  described 
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Results,  in  all  essential  particulars  analogous 
to  those  which  we  have  been  now  describing, 
were  obtained  from  experiments  made  with  bars 
instead  of  plates.  In  one  case,  a  series  of  ten 
bars  of  13*8  inches  in  length,  and  each  weighing 
rather  more  than  a  pound,  was  employed  in  a 
similar  course  of  experiments  to  that  constituting 
the  leading  subject  of  this  Chapter;  and,  in 
another  case,  a  combination  of  bars  of  two  feet 
in  length  were  tried  in  a  similar  way,  but  with 
no  other  essential  difference  in  the  phenomena 
being  observed,  except  what  was  to  be  ascribed 
to  inequalities  in  hardness,  the  effects  of  which 
in  combination  will  have  to  be  described  more 
particularly  in  a  subsequent  chapter. 

In  the  Diagram,  No.  2,  Plate  hi.,  the 
respective  powers  of  various  combinations  of 
magnetised  cast-steel  plates,  of  twenty-four 
inches  length,  as  placed  in  contact,  are  shewn 
by  the  course  and  position  of  the  lowest  and 
thickest  curve ;  whilst  the  degree  of  superiority 
of  the  power  of  such  plates,  over  equal  masses 
in  a  solid  bar,  or  two  bars  together,  is  exhibited 
in  their  comparative  heights  above  the  general 
line  of  abscisses. 

in  Chapter  hi.  Part  i.,  and  represented  to  the  eye  in  diagram, 
Plate  ii.,  because  the  correction  does  not  affect  the  general 
results,  but  only,  in  a  slight  degree,  the  numerical  proportions. 


RESULTS. 


The  general  Results  deducible  from  the  fore¬ 
going  investigations,  as  to  the  laws  or  effects  of 
combination  in  magnetic  bars  or  plates  in  con¬ 
tact — being  applicable  to  the  case  of  compound 
magnets  generally — may  be  now  advantageously 
collected,  and,  where  needful,  more  particularly 
illustrated. 

1.  That  any  single  bar  or  plate  is  more  power¬ 
ful  or  energetic ,  proportionally ,  than  two  or  more 
corresponding  and  equal  bars — that  is,  being- 
bars  of  like  dimensions,  quality  of  steel,  temper 
and  mass. 

This  law  is  deduced  from  the  invariable  fact,  that  what¬ 
ever  may  be  the  power  of  two  or  more  bars  combined 
in  one  mass,  the  amount  of  their  separate  powers  is 
always  greater.  The  proportion  of  loss  by  increase  of 
mass,  in  the  large  series  of  thirty  plates,  is  shewn  in 
col.  ix.  of  the  table  at  page  103.  Thus  the  power  of 
two  plates  (Nos.  1  and  2)  in  combination,  is  expressed  by 
the  tangent  541  (col.  vi.):  the  amount  of  their  united 
powers,  taken  separately,  being  580  (col.  vm). 

Hence,  if  a  compass  or  variation  needle  were  to  be  con¬ 
structed  in  which  the  mass  was  of  no  consequence,  or 
which  might  be  made  indefinitely  light,  or  requiring  the 
least  possible  momentum — then  a  single  magnetic  plate, 
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as  thin  and  light  as  possible,  would  be  the  best.  But  as, 
for  all  ordinary  uses  in  magnetical  instruments,  a  given 
mass  and  momentum  are  absolutely  necessary,  for  over¬ 
coming  the  resistance  of  the  air  and  abiding  its  slightest 
motions:  and  as,  when  a  compass  card,  collimater,  or 
other  substance  or  apparatus,  is  to  be  appended,  a  very 
considerable  mass  is  generally  requisite, — an  important 
advantage  is  derivable  from  combination,  as  will  forth¬ 
with  appear. 

The  same  law,  though  differing  in  quantity,  applies  to 
the  comparison  of  single  bars  of  various  thicknesses  or 
masses,  being  in  all  other  respects  alike — the  thinnest 
bars  being  always  more  energetic,  proportionally,  than 
the  thicker. 

Thus,  taking  an  example  of  the  ratio  of  the  power  and  the 
mass  from  the  table  at  page  57,  we  find,  in  respect  to 
the  series  T  (tempered  throughout),  the  tangent  ex¬ 
pressive  of  the  energy  of  the  thinnest  bar  to  be  191 ; 
whilst  that  of  the  next  in  the  series,  being  double  of  its 
mass,  was  only  307,  or  little  more  than  one-half  more. 
And  comparing  the  thinnest  bar  (v.)  with  the  thickest 
(i.)  of  the  same  series,  we  find,  that,  whilst  the  bar  i. 
was  nearly  nineteen  times  the  weight  of  the  bar  v.,  its 
energy  when  fully  magnetised,  compared  with  that  of 
the  other,  was  only  in  the  proportion  of  621  to  191 
(according  to  the  tangents  of  their  respective  deviating 
effects  on  the  compass),  or  but  little  more  than  3  to  1. 

2.  That  a  combination  of  magnetic  bars  or 
plates  is  always  more  powerful  than  any  single 
bar  of  equal  weight  to  that  of  the  whole  mass 
combined,' — the  bars  compared  being  made  of 
the  same  steel,  and  alike  in  their  mode  and 
degree  of  tempering,  form,  and  dimensions,  as 
to  length  and  breadth. 


RESULTS  OF  MAGNETIC  COMBINATIONS.  1  1  l 


Though,  as  just  stated,  a  single  bar  is  more  energetic  in 
proportion  to  its  mass,  than  any  number  of  equal  and 
corresponding  bars, — yet  a  combination  of  bars  is  always 
actually  more  powerful  than  the  same  mass  in  one  bar, 
as  stated  generally  in  Chap.  i.  Part  i.  and  as  more 
satisfactorily  appears  by  comparing  the  results  of  the 
table  at  page  103,  with  the  powers  of  different  single 
magnets — weight  for  weight.  Thus,  a  pair  of  magnets, 
of  the  same  length  and  breadth  as  the  plates  under 
examination,  weighing  2-854  lbs.  each,  were  found 
capable  only  of  deflecting  the  needle  of  the  compass,  at 
two  feet  distance,  in  an  angle  of  35°  20', — but  seven 
plates,  of  the  weight  of  2*870  lbs,  being  very  nearly  the 
same  mass,  produced  a  deviation  of  53°  50'  in  one  trial, 
(col.  iv.)  and  of  57°  23',  in  another  (col.  n.),  the  mean 
of  the  tangents  indicating  above  double  the  power  of 
either  of  the  single  bars. — In  like  manner,  though  not 
to  the  same  extent  of  advantage,  fifteen  plates  of  the 
compound  series  exhibited  a  superiority  of  povrer,  over 
a  single  bar  of  like  nature  and  quality  and  weight,  in 
the  relation  of  2096  (col.  vi.)  the  tangent  of  deviation 
produced  by  the  combined  plates,  and  1386,  the  tan¬ 
gent  of  the  deviation  produced  by  the  single  solid  bar. 
A  similar  result,  though  not  to  an  equal  proportion  of 
advantage,  wras  obtained  by  a  comparison  of  a  series  of 
plates,  equal,  in  mass,  to  either  of  a  pair  of  bars,  by 
M.  Gauss,  in  the  Observatory  of  Greenwich — though 
these,  I  have  intimated,  are  very  superior  and  powerful 
for  single  bars. 

Hence  the  corollary — that  the  directive  power  of  any 
single  needle,  of  the  ordinary  form  and  kind  used  in 
compasses,  dipping  needles,  or  variation  needles,  would 
be  considerably  augmented  if  the  same  mass  were 
divided  into,  or  combined  out  of,  tw  o  or  more  plates  of 
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the  same  length  and  breadth.  And  as  there  is  no  needle 
or  bar  in  ordinary  use  in  compasses,  or  dipping  needles, 
or  other  similar  instruments,  but  what  might  be  con¬ 
structed  in  a  compound  form,  these  instruments,  by  this 
construction,  are  capable  of  receiving  a  much  higher 
directive  power  than  they  usually  have — independent 
of  the  advantages  to  be  derived  from  better  qualites  of 
steel,  and  improved  modes  of  hardening. 

Combinations,  however,  of  divided  plates,  transversely,  do 
not  afford  the  same  advantage,  but  results  of  a  converse 
kind.  For  any  plate,  so  divided,  is  found  to  lose  power 
on  the  whole.  Nor  do  I  find  that  any  material  advan¬ 
tage  is  derivable  from  the  division  of  plates  into  narrow 
slips,  longitudinally,  so  far  as  my  experiments  have 
gone. 

3.  That  the  absolute  gain  of  power  in  the 
combined  mass,  by  each  additional  plate  or 
bar,  progressively  diminishes. 

The  diminution  in  the  proportional  gain  of  power,  by 
adding  bar  to  bar,  is  such,  that,  in  the  series  of  plates 
referred  to,  the  last  twenty-six,  out  of  thirty,  did  not 
double  the  power  of  the  first  six.  In  a  set  of  twenty- 
four  smaller  plates  of  greater  proportional  thickness, 
the  proportional  thickness  being  as  2*5  to  1,  the  last 
twenty-two ,  which  were  added  to  the  fasciculus,  did  not 
quite  double  the  power  of  the  first  two.  Analagous 
results  were  obtained  on  trial  of  thicker  bars. 

The  ratio  of  power  in  combinations  of  the  two-feet  plates 
(principally  referred  to  in  this  chapter),  laid  on  each 
other  and  in  sensible  contact,  as  examined  by  successive 
additions,  in  sets  of  six  plates  each,  exhibits,  very  nearly, 
the  geometrical  series  of  one-half,  one-fourth,  one-eighth, 
one-sixteenth,  the  directive  power  of  the  first  set  of  six 
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plates  being  equal  to  one. 

An  inspection  of  the  “  mean  of  tangents”  (table,  p.  103), 
shews  how  nearly  this  ratio  prevails.  For  convenience 
of  comparison,  the  selection  of  powers  may  he  thus  exhi¬ 
bited — the  power  of  the  first  six  plates  being  called  one. 


No.  of  Plates. 

Mean  Tangent 
of  Deviation. 

Differences 
of  Sets  of  Six. 

Proportion  of 
Additional 
Power. 

6 

1297 

X  635 

nearly. 

12 

1932 

J 

X  304 

nearly. 

18 

2236 

J 

X  178 

b  nearly. 

24 

2414 

}  81 

Vs-  nearly. 

30 

2495 

Hence,  were  the  bars  or  plates  perfectly  equal  in  quality 
of  steel,  dimensions,  and  tenaciousness  of  the  magnetic 
energy,  there  would,  no  doubt,  be  a  continual  accession 
of  power  (though  gradually  diminishing,)  ad  infinitum  ; 
but,  it  is  obvious,  from  the  foregoing  considerations  and 
facts,  that  (could  the  contact  be  made  perfect)  no  in¬ 
crease,  short  of  infinite,  would  bring  the  whole  power 
to  two,  or  double  the  amount  of  that  exhibited  in  the 
set  of  the  two-feet  plates  herein  referred  to,  by  the  first 
six  plates. 

This  result,  however,  can  only  be  considered,  in  the 
present  instance,  as  the  type  of  the  general  law ;  as 
in  plates  of  a  different  quality  or  temper,  and  in  bars 
of  greater  thickness,  various  modifications  of  the  ratio 
must  be  expected. 

Thus,  it  was  actually  found,  that  in  the  case  of  the  other 
set  of  twenty-four  smaller,  but  proportionally  thicker 
plates,  the  ratio  of  the  power  with  the  mass  combined, 
(comparing  the  effect  of  additional  plates  in  pairs,')  was 
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different,  though  the  result  was  in  accordance  with  the 
general  law.  In  this  instance,  considering  the  power 
of  the  first  pair  of  plates  as  one,  the  addition  of 
successive  pairs  presented,  proximately,  the  following 

fractional,  and  somewhat  irregular,  series : — 

i  jl  1  _i_  i  JL  _i_  i  _i_ 

4,  8?  11,  14,  TF,  19,  2  1-,  ~2  6  28i  oO* 

And  in  the  case  of  a  series  of  bars ,  such  as  that  of  the 
bars  of  13*8  inches  mentioned  at  page  108,  where  each 
bar  was  of  the  weight  of  above  a  pound,  the  first  bar 
gave  a  power,  by  itself,  represented  by  the  tangent  of 
deviation  309  ;  whilst  the  whole  of  the  series,  ten  in 
number,  gave  no  higher  a  power  than  that  represented 
by  the  tangent  613,  being  scarcely  double  of  that  of 
a  single  bar. 

4.  That  continued  additions  to  a  powerful 
combination  of  plates  or  bars,  cease  to  be  bene¬ 
ficial  beyond  a  certain  limited  extent,  because 
of  the  impracticability  of  obtaining  a  large  series 
of  such  plates  or  bars  perfectly  alike.  The 
weaker  bars  of  a  powerful  series  (that  is,  such 
as  are  inferior  in  quality  of  steel  or  of  a  lower 
temper),  not  only  not  adding  to  the  magnetic 
energy  of  the  whole  mass,  but  sometimes,  from 
their  own  polarity  being  reversed,  absolutely 
injuring  the  total  effect. 

Column  vii.  of  the  table,  at  page  103,  shews  the  gradually 
diminishing  accession  of  power  by  each  plate  respect¬ 
ively;  and  col.  n.,  in  the  first  combination,  shews  that, 
a  maximum,  in  that  instance,  was  obtained  by  twenty- 
four  plates,  there  being  no  increase,  but  an  actual  loss, 
by  the  addition  of  the  last  six. 

Similar  effects  were  observed  in  almost  every  case  where 
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a  large  number  of  plates  or  bars  (not  being  perfectly 
hard)  were  combined  in  one  scries ;  so  that  a  maximum 
of  energy  was  generally  obtained  by  a  portion  of  the 
series,  which  maximum  wTas  found  to  be  diminished, 
often  materially,  by  the  unfavourable  action  of  the 
weaker  plates  or  bars. 

5.  That  some  deterioration  takes  place  in  the 
permanent  individual  energy  of  all  the  bars  or 
plates  in  combination,  by  every  addition  of  power 
to  the  mass;  the  measure  of  deterioration  in  the 
separate  bars  varying  with  their  difference  of 
strength,  or  of  their  tenaciousness  of  the  magnetic 
condition. 

The  term  “  strength  ”  has  been  introduced  in  a  former 
chapter  (Part  i.  Chap,  iv.)  to  express  that  quality  of 
magnets  by  which  the  tendency  to  deteriorate,  or  return 
towards  the  neutral  state,  is  resisted.  Hence,  the 
measure  of  the  deterioration  in  different  bars,  exposed 
to  the  same  degree  of  magnetic  tension,  is  inversely  as 
their  strength.  Strength  and  hardness,  as  a  general 
law,  seem  to  be  accordant — increase  of  hardness  yield¬ 
ing  increase  of  strength.  One  anomaly,  however,  as 
to  a  particular  case,  will  hereafter  require  to  be  con¬ 
sidered. 

This  result,  just  above  stated,  is  shewn  by  the  condition 

of  the  several  series  of  six  plates  after  the  combination 

(page  104),  as  well  as  by  the  condition  of  the  individual 

plates  tried  separately  :  whilst  the  general  agreement 

of  different  experiments  for  determining  the  degrees  of 

strength  in  all  the  bars  or  plates  of  a  given  series, 

sufficientlv  establish  the  law. 

* 

As  to  the  permanent  deterioration  of  the  plates  tried 
separately,  we  find  that  the  series  A  was  reduced  by 

i  2 
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being  combined  in  the  whole  mass  of  thirty,  from  an 
average  of  16°  10',  deflecting  power,  to  9°  54';  and  series 
C,  from  an  average  of  16°  10'  to  that  of  9°  (V  (table  at 
page  106). 

In  other  cases,  in  which  more  powerful  combinations  were 
made,  we  find  that  some  bars  or  plates,  in  all  respects  to 
appearance  alike ,  lose  their  power  entirely,  whilst  others 
suffer  comparatively  little  by  the  combination. 

6.  That  the  relation  of  the  deterioration  of 
the  magnetic  energy  to  the  quality  of  the  plates, 
when  combined  in  large  masses,  affords  an  easy 
and  satisfactory  process  for  testing  the  quality  of 
each  bar  or  plate  so  combined,  in  respect  to  its 
relative  measure  of  tenacity  or  strength. 

This  method  was  employed,  as  already  mentioned,  for  the 
separation  of  the  two-feet  tempered  plates  into  the  five 
different  series  comprising  six  plates  each,  numbered 
from  A  to  E.  Many  other  large  bundles  of  plates 
wTere,  in  like  manner,  separated  into  their  particular 
qualities,  as  to  corresponding  strength ;  similar  results 
(as  to  all  material  differences  of  quality)- being  obtained 
on  every  repetition  of  the  experiment.  Particular  ex¬ 
amples  of  this  mode  of  testing  are  given  at  page  40. 

In  the  selection  and  trial  of  small  bars  or  plates  of  an 
equal  length,  analogous  results  are  obtained— with  the 
advantage  of  being  capable  of  ready  comparison  both 
with  each  other,  and  with  a  certain  standard — by  the 
use  of  the  test-bar  described  at  page  42. 

Hence,  wre  obtain  important  practical  guidance,  for  a 
superior  construction  of  compound  magnets,  of  a  two¬ 
fold  character; — first,  as  to  the  inutility  of  making  large 
combinations  of  bars  on  the  ordinary  plan  of  con¬ 
structing  compound  magnets;  and  secondly,  as  to  the 
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importance  of  removing  all  tlie  bars  which  have  their 
polarity  either  reversed  or  neutralized  by  the  combina¬ 
tion,  or  which  have  their  magnetism  so  reduced  as  to 
add  nothing  essential  to  the  total  energy. 

In  the  case  of  the  ten  bars  mentioned  at  the  close  of  the 
illustrations  of  the  result,  No.  3,  p.  114,  two  of  the  bars 
out  of  ten  were  found  to  injure  the  total  energy  to  an 
extent  of  more  than  one- tenth,  and  so  as  to  destroy  the 
effect  of  two  others. 

7.  That  whereas  the  weaker  plates  lose  the 
greater  part  of  their  power,  or  become  absolutely 
neutralized,  or  even  have  their  poles  reversed, 
when  subjected  to  the  violence  of  large  combina¬ 
tions — yet  the  same  are  capable  of  very  consider¬ 
able  power  and  retentiveness  of  energy,  if  exposed 
only  to  an  inferior  degree  of  violence  in  small 
combinations. 

The  actual  power  retained  in  the  five  series  of  six  plates 
each,  after  the  combination  of  the  whole  in  one  mass,  is 
shewn  in  the  table  at  page  104;  the  state  of  each  series, 
as  indicated  by  its  deflecting  power  on  the  compass  at 
two  feet  distance,  being  as  follow  :  — 

ABODE 

40-9  42-39  40-15  30*31  10-50  ' 

But  when  the  same  plates,  being  remagnetized,  were  com¬ 
bined  in  no  greater  mass  than  that  of  their  own  scries  of* 
six  respectively — then  their  powers (p.  107)  were  these: 

ABODE 

53-25  50-45  50-50  49-45  48-15 

Hence,  whilst  the  weakest  set  of  plates  E,  was  reduced, 

bv  the  violence  of  the  action  of  the  whole  series  ot 
*> 

thirty,  to  a  deflecting  power  of  10°  50',  we  find  it  capable 
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of  retaining  such  h  power,  when  only  combined  to 
the  extent  of  the  six  plates  of  its  own  set,  as  to  deflect 
the  compass  needle,  at  the  same  distance,  to  an  angle 
of  48°  15' — being  a  power,  in  the  proportion  of  the 
tangents,  six  times  greater  than  before. 

8.  That  whilst  magnetic  bars  in  combination, 
(being  a  state  of  violence  or  constraint  when 
similar  poles  are  coincident,)  suffer  a  permanent 
deterioration  of  power,  from  that  of  their  indi¬ 
vidual  capacity  for  magnetism  when  separate — 
they  also  suffer  a  further  transient  deterioration, 
as  if  the  magnetic  energy  were  in  a  state  of 
elasticity — which  proportion  of  deterioration  is 
recovered  on  the  separation  of  the  bars. 

The  extent  to  which  this  influence  prevails  has  been 
already  shewn  in  the  account  of  the  experiments  con¬ 
nected  with  the  tables  at  pages  104  and  106.  The  re¬ 
covery  of  power  by  the  separation  of  the  whole  mass  of 
thirty  plates  into  five  series  of  six  plates,  was  nearly  one- 
half  ;  and  the  further  recovery  of  power  by  the  trial  of 
the  plates  separately  about  one-eighth  more ! 

Hence,  the  weaker  bars  which,  when  taken  out  of  the  mass^ 
are  found  to  retain  a  considerable  portion  of  energy, 
may,  whilst  in  the  mass,  be  altogether  without  power; 
or  may  even  have  a  reverse  polarity,  so  as  to  cause  an 
absolute  loss  to  the  mass. 

Thus,  the  last  six  plates  of  the  series  of  thirty  (table 
at  page  103),  being  the  weakest  of  the  series,  actually 
diminished  the  power  of  the  whole  (see  col.  hi.),  though 
each  of  them,  when  tried  separately,  after  the  combination 
was  taken  down,  was  found  still  to  possess  a  deviating 
power,  in  the  original  direction,  of  from  2  to  4  degrees. 


CHAPTER  II. 


ON  TIIE  TOWERS  OF  COMBINATIONS  OF  MAGNETISED  STEEL 
PLATES,  SEPARATED  BY  LIMITED  SPACES. 

1.  When  it  was  found  that  so  much  of  the 
aggregate  power  of  the  separate  plates  or  bars, 
in  a  series  of  magnets,  was  lost  by  the  combina¬ 
tion  in  one  mass  in  contact — it  was  but  natural 
to  anticipate  that,  an  inferior  deterioration  would 
take  place  by  a  combination  of  a  less  concentrate 
description, — the  plates  or  bars  being  kept  out 
of  contact  by  substances,  not  susceptible  of  the 
magnetic  condition,  interposed. 

The  effect  of  such  separation,  which  I  had 
long  ago  determined  in  a  limited  degree,  I  now 
proceeded  to  investigate  by  means  of  the  series 
of  thirty  tempered  plates.  For  this  purpose  a 
sufficient  number  of  blocks  of  wood  of  different 
thicknesses — constituting  circular  discs  P5  inch 
in  diameter — was  prepared, — each  being  perfo¬ 
rated  in  the  centre,  so  as  with  facility  to  combine 
along  with  the  steel  plates  ;  whilst  additional 
wires,  furnished  with  screw  nuts,  were  also 
provided,  adapted  by  their  lengths  to  the  extent 
of  separation  which  might  be  required  in  the 
several  masses  so  combined. 
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The  first  and  most  elaborate  investigation— 
as  to  the  effect  of  separation  on  the  progressive 
accumulation  of  power  in  the  whole  mass  of 
plates — was  made  with  interposed  discs  of  0*14 
inch  (about  one-seventh  of  an  inch)  in  thickness. 
As  however,  the  series  so  separated — like  the 
frame  saws  in  a  saw-mill — spread  out  to  the  width 
of  several  inches  (and  in  subsequent  experiments, 
with  thicker  discs  or  blocks,  sometimes  to  the 
breadth  of  more  than  a  foot) — it  was  found  con¬ 
ducive  to  accuracy  to  test  their  powers  at  two 
lengths,  or  four  feet  distance,  instead  of  one 
length,  as  in  the  former  experiments.  At  the 
same  time,  for  the  advantage  of  comparison  with 
the  results  obtained  at  one  length  distance,  occa¬ 
sional  trials — in  the  progress  of  combination — 
were  made  of  the  action  of  the  series  on  the  com¬ 
pass  at  one  length ;  which,  with  other  comparative 
experiments,  by  means  of  various  combinations 
and  bars  of  the  same  length,  afforded  the  means 
of  determining,  experimentally,  the  precise  ratio, 
unequated,  of  the  directive  forces  for  distances 
of  one  and  two  lengths.  It  may  be  convenient, 
perhaps,  to  give  this  determination  before  pro¬ 
ceeding  with  the  investigation  proposed. 

The  following  table  exhibits  a  selection  of  the 
comparative  deviations,  at  one  and  two  lengths' 
distance,  of  different  combinations  of  two-feet 
plates. 
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No.  of 
Plates  in 
Combi¬ 
nation. 

Deviation  at  one 
length. 

Deviation  at  two 
lengths. 

Ratio  of  two 
lengths  to 
that  of  one 
length;  one 
length  being 
=  1000. 

Mean. 

Tangent. 

Mean. 

Tangent. 

6 

O  ' 

55*50 

1473 

O  ' 

15-32 

278 

189 

G 

55-20 

1446 

1515 

273 

189 

6 

54-46 

1416 

14-55 

266 

188 

12 

67-30 

2414 

245 

447 

185 

18 

71-35 

3003 

29  40 

570 

190 

24 

74-22 

3574  | 

33-48 

669 

188 

l 

15-52 

284 

3-5 

54 

190 

30* 

68-30 

2539 

25-50 

484 

191 

Mean  . 

188-75 

*  The  last  combination  (that  of  30  plates)  was  in  contact,  all 
the  others  were  separated  by  discs  of  wood. 


Hence,  the  ratio  of  the  directive  powers  of  bar 
magnets,  for  one  and  two  lengths  distance  from 
the  compass  (as  thus  determined  for  magnets  of 
two-feet  in  length;,  appears  to  be  as  1000  to 
188*75.  Theoretically,  the  proportions  might 
seem  to  be  a  little  different, — being  inversely  as 
N2 — R2:  7i~ — ?*2,  N  being  the  near  pole  of  the 
magnet,  and  11  the  remote  pole,  at  one  length 
distance;  and  n  the  near,  and  r  the  remote  pole, 
at  two  lengths  distance.  For  this  proportion, 
calling  the  power  at  one  length  1000,  would 
give  tV  for  that  at  two  lengths,  or  as  1000  to 
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185*2.  The  difference  is  in  some  small  degree 
to  be  ascribed  to  the  want  of  application  of  the 
equation  of  the  tangents  of  deviation,  described 
in  Part  i.  Chap,  in.,  but  mainly  arises,  I  pre¬ 
sume,  from  the  circumstance  of  th q  polar  or  focal 
lengths  of  the  bars  being  different  from  their 
measured  lengths.  For  were  the  entire  magnetic 
forces  of  the  bars  concentrated  at  the  very  ex¬ 
tremities,  the  ratio,  corrected  for  the  equation 
of  tangents,  must  have  been  according  to  calcu¬ 
lation  ;  but  as  the  resultant  of  the  magnetic  forces, 
in  either  half  of  the  bars,  constitutes  a  point  or 
focus  of  attraction  within  the  extremity  (which 
by  other  experiments  I  found  to  lie  at  about 
one-twelfth  of  the  length  of  the  bars  from  the 
ends),  the  comparison  cannot  exactly  hold,  unless 
the  two  distances  were  those  of  focal  lengths, 
instead  of  actual  lengths  of  the  bars. 

Thus  provided  with  the  means  of  comparing 
the  deviations  obtained  at  the  different  distances 
referred  to,  the  results  of  a  progressive  combina¬ 
tion  of  the  plates,  with  interposed  discs  of  *14  inch, 
become  available  for  the  object  contemplated. 
The  deviating  powers  of  the  series,  so  combined, 
on  the  compass  at  two  lengths  or  four-feet  dis¬ 
tance,  were  as  follow:  — 
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No.  of 
Plates. 

Mean 

Deviation 

Tangent. 

No.  of 
Plates. 

Mean 

Deviation 

Tangent. 

A  1 

O  ' 

3-5 

54 

16 

0  ' 

28  4 

533 

2 

6-39 

117 

17 

29-9 

558 

3 

9  6 

160 

18 

29-40 

570 

4 

1 1  -32 

204 

D  19 

30  30 

589 

5 

13-47 

245 

20 

31-18 

G08 

G 

15-32 

278 

21 

32-6 

G27 

B  7 

17-8 

308 

22 

32-31 

637 

8 

18-39 

338 

23 

33-11 

G54 

9 

20-5 

36G 

24 

33-48 

669 

10 

21-34 

395 

E  25 

3410 

679 

11 

23-2 

425 

2G 

34-37 

690 

12 

24-5 

447 

27 

34-57 

699 

C  13 

25-15 

472 

28 

35-9 

704 

14 

26-28 

498 

29 

35-38 

717 

15 

27 -G 

512 

30 

35 -55 

724 

Closed  in 

to  Contact 

1  30 

25-50 

4S4 

Here  then — without  carrying  out  the  compa¬ 
risons  with  the  table  at  page  103,  of  the  progress 
of  increase  over  the  former  mode  of  combination 
— the  advantage  of  the  separation  becomes  suffi¬ 
ciently  obvious  by  the  mere  comparative  results 
of  the  entire  series  of  thirty  plates,  as  separated 
by  0*14  inch  blocks,  and  as  closed  into  contact. 
For  looking  merely  at  the  foot  of  the  above 
table,  we  find  the  power  of  the  series,  when  sepa¬ 
rated  (as  represented  by  the  tangent),  to  be  724, 
and,  when  in  contact,  only  484, — exhibiting  a 
gain  in  energy,  by  this  very  limited  separation, 
of  about  two-thirds  of  the  original  power. 


2.  The  effect  of  separation  at  other,  and 
greater,  distances,  was  now  tried  by  means  of  the 
same  plates,  and  these  combined  in  the  same 
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order, — that  is  beginning  with  the  series  A, 
or  strongest  bars,  and  proceeding  progressively 
with  the  series  BCD,  etc.  The  actual,  as  well 
as  comparative,  results,  observed  under  different 
measures  of  separation,  are  the  most  compen¬ 
diously  exhibited  in  a  tabular  form. 

Comparative  powers  of  two-feet  steel  plates,  magnetized 
to  the  limits  of  their  capabilities,  when  separated  by 
different-sized  discs  or  blocks  —  the  distance  of  the 


plates  from  the  compass  being  two  lengths  or  four  feet, 
and  the  mean  deviating  power  of  one  plate  being  3°  4'. 


In  Contact. 

Discs  of  0-14  Inch. 

Blocks  of  0-28  Inch. 

No. 

of 

Plates, 

Mean 

Devia- 

Tan- 

. 

Mean 

Devia- 

Tan- 

Gain 

over 

Mean 

Devia- 

Tan- 

Gain 

over 

tion . 

gent. 

tion. 

gent. 

Cont‘. 

tion. 

gent. 

Cont1. 

3 

O  ' 

8-32 

150 

O  ' 

9-6 

160 

10 

O  ' 

*9-12 

162 

12 

6 

14-34 

260 

— 

15-32 

278 

18 

16-0 

287 

27 

12 

20-58 

383 

— 

24-5 

447 

64 

26-25 

497 

114 

18 

23-45 

440 

— 

29-40 

570 

130 

— 

__ 

_ 

24 

25-10 

470 

— 

33-48 

669 

199 

— 

— 

— « 

30 

25-50 

484 

1 

35-55 

724 

240 

— 

— 

— 

Blocks  of  0-40  Inch. 

Blocks  of  0  -48  Inch. 

Blocks  of  TO  Inch. 

No. 

of 

Plates. 

Mean 

Devia- 

Tan- 

Gain 

over 

Mean 

Devia- 

Tan¬ 

gent. 

Gain 

over 

Mean 

Devia- 

Tan- 

Gain 

over 

tion. 

gent. 

Con  U. 

tion. 

Contk 

tion. 

gent. 

Cont1. 

3 

O  ' 

*9-16 

163 

13 

O  ' 

9-18 

164 

14 

0  ' 
9-40 

170 

20 

6 

16-28 

296 

36 

16-54 

304 

44 

17-44 

320 

60 

12 

27-38 

524 

141 

28-39 

546 

163 

30-51 

597 

214 

18 

— 

— 

— 

37-48 

776 

336 

— 

— 

— 

24 

— 

— 

— 

43-45 

952 

482 

— 

— 

— 

30 

— 

" 

47-41 

1098 

614 

— 

— 

— 

N.B. — The  “gain  over  contact,”  is  the  difference  of  the  tangents 
of  each  division,  and  the  tangent  of  deviation  when  in  contact.  Thus, 
150  (col.  iii.) — 160  (col.  vi.  )=10  (col.  vii). 

*  These  are  not  actual  observations,  but  approximate  numbers. 
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That  a  comparison  of  these  various  results 
mav  be  more  readily  made,  and  an  accurate  idea 
conveyed,  by  mere  inspection,  of  the  proportion 
of  advantage  gained  by  the  system  of  combina¬ 
tion — the  relations  of  the  several  investigations 
have  been  represented  by  the  diagram  No.  2,  in 
Plate  hi.  For  the  power  of  the  combined  plates, 
in  the  progressive  augmentation  of  their  num¬ 
ber,  is  very  well  represented,  after  the  manner 
adopted  in  a  former  case,  by  a  curve — of  which 
the  abscisses  represent  the  number  of  plates,  or 
mass  of  steel  in  the  combination,  and  the  ordi¬ 
nates  the  tangents  of  the  angles  of  deviation  for 
the  several  masses.  The  diagram  exhibits  the 
powers  of  various  combinations  ;  but  those  with 
which  we  have  at  present  to  do,  are  the  results 
contained  in  the  foregoing  tables — the  different 
continuous  curves,  representing  the  powers  of 
the  plates  in  their  respective  degrees  of  sepa¬ 
ration, —  the  lower  and  blacker  curve  (before 
referred  to)  shewing  the  comparative  power  of 
the  same  magnetized  plates  when  combined  in 
contact. 

Before  I  proceed  to  deduce  the  general  results 
from  this  mode  of  spaced  combination,  I  may 
mention  the  effect  of  partial  contact  and  par¬ 
tial  separation — such  as  the  loss  of  power  when 
the  plates,  which  had  been  put  up  in  the  usual 
mode  of  spacing,  were  brought  into  contact  at 
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one  or  both  ends.  For  this  investigation  the 
thirty  plates  were  combined  in  separate  series 
of  six  plates  each,  in  the  manner  before  de¬ 
scribed,  with  0*14  inch  discs  interposed.  Their 
powers  on  the  compass,  at  one  length  distance, 
being  respectively  ascertained,  the  effect  was 
noted  when  the  discs  at  the  ends  of  the  series 
were  removed,  and  the  plates  pressed  together 
at  the  ends,  whilst  the  mass  rested  on  the  trial- 
board  in  the  position  in  which  its  power  was 
determined  ;  and,  subsequently,  the  centre  discs 
w7ere  also  taken  away,  so  as  to  bring  the  six 
plates  into  contact  throughout.  The  results,  at 
one  length  distance  from  the  compass,  were  as 
follow : — 


Separated  by  Discs. 

Closed  at  the  ends. 

Contact 

throughout. 

Series. 

Mean 

Devia¬ 

tion. 

Tangent. 

Mean 

Devia¬ 

tion. 

Tangent. 

Mean 

Devia¬ 

tion. 

Tangent. 

B 

O  ' 

54-27 

139-9 

O  ' 

53-47 

135-6 

0  ' 
53-1 

132-8 

C 

53  5 

133  1 

51-56 

127-7 

51-26 

125  4 

D 

55-53 

147-6 

54-37 

140-8 

53-46 

135-6 

E 

5M7 

124-7 

50-4 

119-5 

48-54 

114-6 

Mean 

1363 

131-1 

127-3 

Loss  per  cent . 

3-9 

Loss  per  cent.  6*6 
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Here  the  average  gain  by  separation,  and  loss 
by  partial  or  entire  contact,  are  distinctly  shewn. 
Even  in  this  limited  quantity  of  plates,  amount¬ 
ing  only  to  six  in  each  series,  we  find  the  ad¬ 
vantage  of  entire  separation  by  means  of  thin 
discs  (O’ 14  inch)  over  contract  at  the  ends ,  was 
as  136'3  to  131*1,  or  as  100  to  96*2;  and  the 
advantage  of  entire  separation  over  entire  con¬ 
tact,  was  as  136*3  to  127*3,  or  as  100  to  93*4. 
In  this  case,  the  separated  series  is  found  to  be 
only  about  one  fourteenth  part  more  energetic 
than  the  same  series  in  contact;  but  when  larger 
series  are  employed,  the  difference  becomes 
much  more  considerable,  so  that  thirty  of  these 
plates,  separated  by  nearly  half-inch  spaces, 
attain  a  degree  of  magnetic  energy  more  than 
twice  that  of  which  the  same  plates  are  suscept¬ 
ible  when  in  contact. 


The  general  Results  derived  from  the  investi¬ 
gations  described,  or  referred  to,  in  this  chapter, 
were,  in  the  main  (except  as  to  measure  or  quan¬ 
tity),  similar  to  those  yielded  by  the  experiments 
on  the  combination  of  the  same  plates  in  con¬ 
tact.  The  following  modifications,  however,  or 
additions,  may  be  mentioned. 

1.  That  the  quantity  of  gain  in  power  of  any 
combination  of  plates  or  bars,  over  equal  masses 
in  a  solid  bar,  is  greater,  where  the  plates  or  bars 
combined  are  prevented  from  coming  into  con¬ 
tact  ;  and  this  augmentation  of  gain  in  power, 
improves,  as  the  spaces  betwixt  the  plates  or  bars 
are  enlarged. 

This  result,  generally,  was  fully  anticipated;  but  the  pro¬ 
portion  of  effect  due  to  different  measures  of  space 
betwixt  the  plates  could  only  be  determined  by  actual 
experiment. 

Comparing  the  results  of  the  table  at  page  124,  we  find 
the  progressive  gain,  by  the  interposition  of  thicker 
discs  or  blocks,  was  such,  that  whilst  a  combination  of 
six  plates  with  spaces  of  0*14  inch  exhibited  a  power 
6*9  per  centum  greater  than  that  of  the  same  in  contact, 
—these  six  plates  with  spaces  of  one  inch  gave  23*1 
per  centum  more  power  than  vrhen  in  contact.  That  a 
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series  of  thirty  plates,  with  014  inch  discs,  exhibited 
a  gain,  in  the  whole,  of  49‘G  per  cent.,  and  with  blocks 
of  0-48  inch,  obtained  no  less  than  127  per  cent,  more 
power,  than  when  the  same  were  in  visible  contact. 

The  Diagram,  No.  2,  Plate  in.,  exhibits  to  the  eye  the 
several  relations  of  the  power  of  the  plates,  as  combined 
in  contact ,  or  as  spaced  with  interposed  discs  or  blocks 
of  0T4,  048,  and  1*0  inch. 

2.  That  a  larger  number  of  plates  may  be  com¬ 
bined  with  advantage,  and  a  greater  measure  of 
directive  energy  obtained,  by  the  separation  of 
the  plates  or  bars — the  proportion  of  increase  of 
attainable  power,  and  the  extent  of  advantageous 
combination,  having  relation,  with  plates  of  the 
same  temper ,  to  the  measure  of  the  spaces  betwixt 
them. 

Hence  it  is  evident,  that  the  spaces  might  be  so  increased, 
that  the  deteriorating  influence  of  the  plates  on  each 
other  would  cease  to  be  at  all  considerable, — and  so 
that,  if  additions  continued  to  be  made  to  the  utmost 
extent  of  'practicable  combination,  each  additional  plate 
of  similar  strength ,  wTould  add  a  portion  to  the  general 
amount  of  power. 

3.  That  the  measure  of  'permanent  deterioration 
in  the  magnetic  energy  of  the  several  plates,  is 
respectively  less,  in  proportion  as  the  density  of 
the  mass  is  diminished  by  separation. 

4.  That  weaker  plates  can  be  combined  to  a 
much  greater  extent,  and  with  superior  advan- 
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tage,  when  separated  by  discs  or  blocks,  than 
when  the  same  are  in  contact. 

5.  That  a  partial  separation  —  such  as  that 
of  the  middle  of  the  plates,  the  ends  being  in 
contact — yields  an  additional  energy  to  what 
is  obtained  by  entire  contact, — the  additional 
energy,  however,  being  by  no  means  so  consi¬ 
derable  as  when  the  separation  is  complete. 

The  proportion  of  advantage  by  separation  throughout, 
over  partial  separation  in  the  middle  only,  in  the  case  of 
combinations  of  six  plates,  has  already  been  mentioned, 
as  derived  from  the  investigations  in  the  Table  at  page 
126 ;  but  that  proportion  becomes  greater  as  the  extent 
of  the  combination  increases. 

For  in  the  case  of  entire  separation,  we  find,  from  the  parti¬ 
culars  in  the  Table  at  page  124,  that  whilst  twelve  plates, 
separated  by  blocks  of  0*48  inch,  exhibited  a  power, 
compared  with  the  same  in  contact,  of  546  to  383 ; 
thirty  plates  so  separated,  compared  with  the  same  in 
contact,  obtained  a  power  in  the  proportion  of  1098  to 
484.  So  that  the  advantage  of  this  measure  of  sepa¬ 
ration  was, — with  three  plates  about  9*3  per  cent,  more 
than  the  energy  in  contact;  with  six  plates  15*8  per 
cent. ;  with  twelve  plates,  42*5  per  cent. ;  and  with  thirty 
plates,  127  per  cent,  gain  over  the  power  in  contact. 

Hence  a  similar  improvement,  though  inferior  in  degree, 
was  expected  to  be  obtained  by  partial  separation,  over 
contact,  with  larger  combinations  than  those  above  de¬ 
scribed.  In  the  case  of  thirty  plates  in  combination,  the 
advantage  of  partial  separation,  over  contact,  as  well  as 
the  disadvantage  of  any  contact ,  in  comparison  of  entire 
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separation,  is  strikingly  shewn  by  this  one  experimen¬ 
tal  fact: — that  the  thirty  plates,  which,  in  entire  con¬ 
tact,  had  only  a  deviating  power  (at  two  lengths  from 
the  compass)  of  25°  50'  (tangent  484),  previously  exhi¬ 
bited  a  power  of  31°  50'  (tangent  621),  when  only  one 
end  of  the  plates  was  closed — being  the  end  most  re¬ 
mote  from  the  compass ; — whilst  the  same  series,  when 
fully  separated  by  discs  of  0*14  inch,  had,  in  the  first 
instance,  before  any  contact  was  permitted,  a  power  of 
35°  55'  (tangent  724).  See  Table  at  page  123. 

In  this  experiment,  the  great  disadvantage  of  closing  the 
ends  of  the  combination  of  plates,  especially  of  a  powerful 
combination,  is  remarkably  proved  by  the  comparison 
of  the  powers  of  the  series  when  entirely  separated,  and 
of  the  same  when  closed  at  one  end,  and  that  the  most 
remote  from  the  compass, — the  reduction  of  deflecting 
energy,  in  this  case,  being  in  the  proportion  of  the 
tangents  724  and  621. 


CHAPTER  III. 


ON  THE  RELATIVE  POWERS  OF  COMBINATIONS  OF  MAGNETISED 
STEEL  PLATES  OR  BARTS,  AS  AFFECED  BY  DIFFERENCES  IN 
THE  DEGREE  OF  HARDNESS  OR  NATURE  OF  THE  TEMPER. 


When  these  Investigations  were  originally  made, 
I  was  not  aware  that  some  of  our  early  mag- 
neticians  had  recommended  hard  steel  to  be  em¬ 
ployed  in  the  construction  of  artificial  magnets, 
— thus  indicating  that  there  were  certain  advan¬ 
tages,  especially  with  relation  to  the  permanency 
of  the  power,  to  be  derived  from  such  a  condi¬ 
tion.  Of  the  actual  determination,  however,  of 
the  fact  of  any  other  advantage  from  absolute 
hardness,  than  that  of  permanency,  or  of  the 
actual  investigation  of  the  relative  effects  of 
various  degrees  of  hardness, — I  have  not  met 
with  any  record.  A  certain  degree  of  hardness, 
for  compound  magnets,  had  been  mentioned  as 
desirable;  such  as  that  produced  by  tempering 
the  steel  at  the  heat  of  “  cherry-red”  (a  moderate 
degree  of  hardness  only) ;  but  this  recommen¬ 
dation  rather  went  against  the  supposition  of 
greater  degrees  of  hardness  than  that  being 
generally  advantageous. 

The  field  of  investigation,  therefore,  entered 
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upon  in  this  chapter,  may  still,  I  apprehend,  be 
considered  as  new,  —  so  far,  at  least,  as  regards 
the  determination  of  the  actual  and  comparative 
influence  of  the  various  degrees  of  hardness  or 
qualities  of  temper,  by  which  the  more  important 
properties  of  magnets  may  be  influenced. 

Much,  indeed,  of  this  portion  of  our  subject, 
has  been  partially  involved  in  the  investigations 
in  Part  I. — “  on  the  ratio  of  the  power  of 
magnetised  steel  bars,  as  modified  by  difference 
of  tempering;”  and  many  of  the  general  results 
might,  by  analogy,  have  been  anticipated.  But 
still,  the  investigations  on  the  actual  effects  of 
tempering  and  hardness,  on  combinations  of  steel 
plates  and  bars,  will  not,  I  hope,  be  found 
unimportant,  especially  as  affording  additional 
information  of  much  practical  consideration  in 
the  construction  and  improvement  of  magnetical 
instruments. 

A  summary  of,  or  selection  from,  the  inves¬ 
tigations  made  on  this  subject- — with  bars  or 
plates  in  several  distinct  conditions,  as  to  temper 
— will  afford  all  the  information,  as  yet  obtained, 
which  has  appeared  to  me  to  be  of  sufficient 
importance  to  be  recorded. 

1.  Of  the  relative  powers  of  combinations  of 
magnetised  steel  plates ,  as  affected  by  changes  in 
the  temper  of  the  same  series  of  plates. 
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Captain  Kater,  in  his  investigations  for  his 
Bakerian  lecture,  published  in  the  Philosophical 
Transactions,  arrived  at  the  conclusion,  that  in¬ 
creased  energy  was  given  to  the  small  magnets 
designed  for  compass  needles,  by  reducing  the 
hardness  in  the  middle  of  the  needles  after  their 
having  been  tempered  at  a  blue  throughout. 

As,  however,  the  investigations  of  this  scien¬ 
tific  experimentalist  had  been  chiefly  made  with 
small  masses  of  steel,  and,  generally,  with  thin 
plates,  it  by  no  means  followed  that  this  was 
a  general  law, — as  we  shall  hereafter  find  it  did 
not  in  the  case  of  other  results  obtained  with 
like  masses.  On  the  contrary,  it  will  be  abun¬ 
dantly  proved,  that  the  principles  which  affect 
the  proportionate  powers  of  small  and  thin  mag¬ 
nets,  of  unequal  degrees  of  hardness  or  difference 
of  quality,  will  not  apply  to  a  comparison  of  the 
powers  of  large  masses,  under  the  like  conditions. 

In  order  to  determine  what  might  be  the 
effect,  of  reducing  the  hardness  of  a  combination 
of  tempered  steel  plates,  on  their  magnetic  capa¬ 
bilities,  I  made  trial  of  different  sets,  some  being 
two  feet  in  length,  some  8*7  inches,  and  others 
six  inches;  —  the  plates  of  each  set  being  of 
corresponding  size,  quality,  and  temper. 

The  first  set,  subjected  to  investigation,  con- 
sisted  of  plates  of  ordinary  steel,  cut  out  of  a 
parcel  obtained  at  the  shop  of  an  ironmonger  and 


POWERS  OF  MAGNETIC  COMBINATIONS.  135 


tool-maker  in  London,  8*7  inches  in  length,  *65 
inch  in  breadth,  about  '035  inch  in  thickness, 
and  weighing,  on  an  average,  370  grains.  These 
were  24  in  number,  consisting  of  a  selection,  out 
of  the  original  series,  of  the  weaker  plates,  or 
those  of  an  inferior  degree  of  retentiveness. 
Their  degree  of  hardness  was,  I  considered, 
that  of  a  low  spring  temper,  pretty  regular 
throughout. 

The  whole  series,  being  strongly  magnetised, 
was  first  laid  together  in  one  fasciculus,  and  their 
order  of  tenacity,  for  magnetism,  individually 
determined.  Each  plate,  having  been  previously 
marked  with  a  separate  number,  had  its  several 
capabilities  registered. 

Two  sets  of  experiments  were  then  undertaken 
with  this  series,  in  their  original  condition  as  to 
temper,  arranged  in  their  order  of  retentiveness 
or  strength,  for  the  determination  of  the  pro¬ 
gressive  accumulation  of  power;  first,  commenc¬ 
ing  with  the  strongest  plates,  and  next,  after 
their  being  remagnetised,  commencing  with  the 
weakest,  or  in  the  reverse  order  of  the  series. 

These  experiments  being  completed,  the  whole 
of  the  plates  were  then  reduced  in  the  middle  to 
the  extent  of  about  six  inches,  by  laying  them 
in  succession  across  an  iron  bar,  heated  to  red¬ 
ness,  till  the  surface  above  became  of  a  deep  pur¬ 
ple  colour,  and  then  letting  them  cool  slowly, — 
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leaving  nearly  one  and  a  half  inches  of  each  end 
in  the  original  state.  In  this  condition  they 
were  re-magnetised,  and  their  powers,  in  pro¬ 
gressive  combination,  again  determined. 

Twelve  of  the  series,  from  the  weakest  side 
of  the  entire  fasciculus  of  plates,  were  then 
heated  throughout  their  length  in  the  same  manner 
as  before,  and  their  powers  also  examined. 

The  whole  of  the  results  are  given  in  the 
following  table.  The  first  division  exhibits 
the  actual  and  comparative  powers  of  the  whole 
series,  commencing  with  the  strongest  plates,  in 
two  different  conditions, — that  of  their  original 
temper,  and  that  of  their  supposed  reduced  state, 
after  being  heated  in  the  middle.  The  second 
division  shews  the  powers  of  the  series  in  a 
reverse  order,  commencing  with  the  weakest 
plates,  in  their  original  state  as  to  temper — with 
the  comparative  powers  of  a  part  of  the  same 
series  when  reduced  throughout  their  length,  by 
heating  as  before. 
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TABLE  exhibiting  the  Comparative  Powers,  in  combina¬ 
tion,  of  the  Series  of  smaller  Plates,  8‘7  inches  in  length, 
in  three  several  states  of  temper. 


No. 

and 

Order 

of 

Plates 

Power  in 
original  tempered 
state. 

Power  when 
reduced  in  the 
middle. 

Order 

°r 

Plates 

! 

Power  in  the 
original  temper. 

Power  when 
reduced 
throughout. 

Mean 

Deviat. 

Tangent 

M  ean 
Deviat. 

Tangent 

Mean 

Deviat. 

Tangent 

Mean 

Deviat. 

Tangent 

1 

o  ' 

9-42 

171 

10-56 

193 

1  24 

O  ' 

8-52 

156 

o  ' 

8-58 

158 

2 

1 5-55 

285 

17-54 

323 

23 

14-22 

256 

14-29 

258 

3 

18-21 

332 

20-46 

379 

22 

16-49 

302 

17-9 

309 

4 

19-22 

351 

21-55 

402 

21 

18-0 

825 

18-33 

336 

5 

21-7 

366 

23-34 

436 

20 

19-26 

353 

19-54 

362 

6 

21  -38 

397 

23-42 

439 

19 

20  13 

368 

20  54 

382 

7 

22-25 

413 

24-31 

456 

:  18 

20-49 

380 

21  34 

395 

8 

22-44 

419 

*25-5 

468  1 

17 

21-15 

389 

22-6 

406 

9 

23-33 

436 

25-32 

478 

16 

21-58 

403 

22  40 

418 

10 

23-30 

435 

25-47 

483 

15 

22-27 

413 

23  31 

435 

11 

23  55 

443 

26-17 

494 

14 

22-56 

423 

24-4 

447 

12 

24-25 

454 

27-2 

510 

13 

23-27 

434 

24-48 

462 

13 

24-45 

461 

27-43 

525 

12 

23-50 

442 

14 

25-18 

473 

27-53 

529 

.11 

24  -26 

454 

15 

25-38 

480 

28  15 

537 

10 

24-42 

460 

16 

26-12 

492 

28-44 

548 

9 

25-22 

474 

17 

26-30 

499 

29  0 

555 

8 

25-43 

482 

18 

26-43 

503 

29-25 

564 

7 

26-7 

490 

19 

27-13 

514 

29  52 

574 

6 

26-40 

50-2 

20 

27-35 

522 

30-16 

584 

5 

27-13 

514 

21 

27-42 

525 

30-23 

586 

4 

27-38 

524 

22 

28-4 

533 

30-44 

595 

3 

27-56 

530 

23 

28-28 

542 

31-15 

606 

2 

28-18 

538 

24 

28-41 

547 

31-16 

607  1 

1 

28-47 

549 

The  results  of  these  several  effects  of  heating, 
and  (as  it  is  assumed)  reducing  in  temper,  were 
not  such  as  had  been  expected.  For,  from 
all  foregoing  experiments,  I  had  been  led  to 
conclude,  that,  whatever  might  have  been  the 
effect  of  the  reducing  of  the  temper  in  single 
thin  plates,  or  small  masses,  the  effect  in  combi¬ 
nation  would  have  been  to  diminish  the  energy 
of  the  plates, — whereas  a  considerable  gain  ol 
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power  was  yielded  by  the  heating  of  the  middle 
of  the  plates,  and  some  increase  beyond  the 
original  power,  though  not  to  the  same  extent, 
was  produced  by  a  corresponding  heating  of  the 
plates  from  end  to  end. 

This  discrepancy  with  the  results  previously 
obtained,  having  occasioned  some  embarrass¬ 
ment  and  misgiving  as  to  the  correctness  of  the 
principle  I  had  considered  certain,  —  namely, 
as  to  the  advantage  of  an  equable  hardening 
throughout  for  bearing  the  tension  of  powerful 
combinations  of  magnetised  bars  or  plates, — 
I  sought  to  verify  the  newly  obtained  result,  or 
to  determine  the  cause  of  the  apparent  discre¬ 
pancy,  if  not  real,  by  a  trial  of  the  same  pro¬ 
cess  with  a  set  of  larger,  and,  proportionally, 
thinner  plates.  For  this  purpose  I  selected  a 
set  of  six  plates  of  two  feet  in  length  (that  of 
series  E  referred  to  at  page  104),  and  reduced 
the  temper  in  the  middle  of  each  plate,  leaving 
about  three  inches  in  length,  at  each  end,  in 
its  original  state.  This  was  done  in  the  same 
manner  and  proportion  as  in  the  first  alteration 
made  in  the  temper  of  the  smaller  plates,  just 
spoken  of,  and  by  which  treatment  the  most 
considerable  increase  of  power  in  these  plates 
had  been  yielded. 

The  change  which  took  place  in  the  power  of 
each  plate  by  this  alteration  of  temper,  as  ascer- 
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tained  by  the  deviation  produced  on  the  compass 
at  the  distance  of  two  lengths,  or  four  feet,  was 
not  the  same  as  that  indicated  by  the  former 
experiment,  as  here  distinctly  shewn  : — 


No.  of 

the 

Plate. 

Mean  Power  of  Plates 
separately. 

In  their 
original  state. 

After  being 
reduced  in  the 
middle. 

O  9 

0  9 

1 

317 

3*15 

o 

md 

3-0 

2-53 

3 

31 

2*55 

4 

3-8 

2-53 

r 

5 

30 

2-59 

6 

00 

3-7 

Mean 

.  .  3 *5§ 

3-0^ 

This  result,  it  will  be  perceived,  appears  to 
be  the  very  reverse  of  that  obtained  by  a  similar 
mode  of  treatment  on  the  set  of  8*7  inch  plates. 
For  in  that  case,  a  partial  heating  of  the  plates 
in  the  middle,  until  they  assumed  a  purple 
colour,  augmented  the  capacity  for  magnetism 
of  the  whole  series,  when  in  combination,  in  the 
ratio  of  607  to  547,  or  about  one-tenth  gain  ; 
whilst  a  similar  heating  of  a  dozen  of  the  same 
plates  from  end  to  end,  gave  an  increase  of 
power,  in  the  combination,  over  that  of  their 


140 


MAGNETICAL  INVESTIGATIONS. 


original  temper,  in  the  ratio  of  462  to  434, 
being  a  little  more  than  one-fifteenth  gain.  But 
in  this  subsequent  experiment  with  the  set 
of  six  two-feet  plates,  a  loss  of  power  was 
sustained  by  every  one  of  the  plates,  amounting, 
on  an  average,  to  about  one  thirty-sixth  part  of 
the  original  energy.  A  trifling  loss  was  likewise 
observed  to  have  taken  place  in  the  tenacious¬ 
ness  of  the  plates, — the  power  of  the  six  plates 
in  combination  and  contact,  after  the  reduction 
of  the  temper,  being  less  than  that  of  the  same 
plates  in  their  original  condition. 

In  order,  however,  to  investigate  still  further 
the  cause  of  the  discrepancy  of  the  results  with 
the  smaller  plates,  I  ordered  another  set  of  two- 
feet  plates  of  best  cast-steel,  comprising  two  de¬ 
scriptions,  as  to  their  kind  of  tempering.  They 
corresponded,  as  to  dimensions,  with  the  series 
of  thirty  plates,  so  much  already  treated  of,  except 
as  to  thickness, — these  new  ones  being  of  the 
average  thickness  of  *057  inch,  and  of  the  weight 
of  *545  pound,  —  the  former  averaging  *042  inch 
in  thickness,  and  ’4 10  pound  weight.  This  new 
set  of  plates  consisted  of  twenty-four  in  number, 
of  which  sixteen  were  tempered  equably  through¬ 
out,  a  little  harder  than  the  former,  and  the  other 
eight  were  tempered  in  a  similar  way  at  the 
ends,  being  softer  in  the  middle.  The  average 
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weight  of  the  plates  of  each  kind  was  very 
nearly  alike. 

All  these  plates  being  magnetised  fully,  by  at 
least  four  strokes  (two  on  each  side)  by  process 
KS,  were  examined  as  to  their  deviating  powers 
severally,  at  the  distance  of  two  lengths,  or 
four  feet,  from  the  compass;  each  kind  was  then 
tried  in  combination,  separated  by  discs  of  -14 
inch  (the  sixteen  harder  plates  in  two  fasciculi 
of  eight),  and  so  their  various  powers  were  deter¬ 
mined.  After  some  other  experiments,  here¬ 
after  mentioned,  the  twenty-four  plates  were 
placed  in  one  mass  in  contact ,  with  similar  poles 
coincident,  not  in  their  original  order,  but  with 
the  plates  of  each  series  of  eight  regularly  alter¬ 
nating,  so  that  the  whole  were  thoroughly 
changed  and  intermixed.  The  power  of  each 
plate,  after  being  subjected  to  this  state  of 
violence,  was  finally  examined,  by  which  the 
relative  strength  or  tenacity  of  all  the  plates  for 
the  magnetic  condition  was  found,  and  a  mean 
of  comparison,  betwixt  the  two  kinds  of  plates, 
as  to  tempering,  obtained.  The  last  column  in 
each  division  of  the  annexed  table,  shews  the 
individual  power  of  each  plate  after  the  final  com¬ 
bination, — the  other  columns  their  powers  when 
first  magnetised  (determined  separately),  as  also 
their  powers  in  combination  when  separated  by 
the  discs. 


Equably  Tempered  Plates.  Plates  Soiter  in  the  Middle. 
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Separate 

Power 

after 

contact 

of  the 

24  Plates. 

- , - - - - — - - 

'iO©C<lt>COiO© 

°H  ©  i — 1  ©  i — 1  ©  i-H  i— Hi— 1 

Mean 
Power  in 
combina¬ 
tion. 

'CO  00  CO  ©  10  ©  *o 

COCNiO'T'GpipOtip 
°©cbd)4-<.5o4ficbiS 

r— H  r— 1  i— -t  (— H  r— 1 

Separate 

deviating 

Power. 

'GOt>i— l©00©r#t'»© 

CO  — 

°cb  cocbcocbcbcocbcb 

No.  of 
Plate. 

t>  co  ©  ©  i— 

Separate 

Power 

after 

contact. 

'*0»0i0©l>t>t'*10'-f,< 
ip  M  f- 1  (N  Tf  Th 

°-H  <01  CN  ^  ©  ■— <  ■— < 

Mean 
Power  in 
combina¬ 
tion. 

0  ' 
3-34 

6-9 

9-10 

11-43 

14-17 

16- 15 

17- 35 

18- 58 

•  • 

Separate 
;  deviating 

Power. 

vTj-f  ©CM  CO  p— (  i— <  ■— 1 1 

c©  go  ^  er—  go  r— t  r— -i  <oo 

°cb  cbcbco'^coweocb 

No.  of 
Plate. 

• 

©©  —  (MCO^iO© 

r— <  r— <  i-H  r-H  p-H  r-H  p— i 

« 

Separate 
Power 
after 
contact 
of  the 
24  Plates. 

V  lO  ©  ©  ©  ©  >0  l-H 

■— tlOiO'^ip’7-<'^-lOr— 1 

^©cboi^cooiot 

Mean 
Power  in 
combina¬ 
tion. 

v  »0  >0  *o  t>  ©  >o  >o 

°cb  ©  ©  oi  ©  cb  © 

— i  i—t  — h  (M  • 

. 

Separate 

mean 

deviating 

Power. 

'  >0  co  >o  i>  i— i  ©  in  o-i 

TtiCSCpOtCOCO-girJio 
°cbcbco4t,cbcb4tjTHcb 

No.  of 
the 
Plate. 

e 

■-i(Nro,to©t>co  § 

§ 

Here  we  find  a  very  decided  difference  in  the 
two  kinds  of  plates  (both  as  to  individual  capa- 
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city  for  magnetism,  and  as  to  power  in  com¬ 
bination),  in  favour  of  the  plates  tempered  or 
moderately  hardened  throughout.  The  separate 
powers  of  the  softer  plates,  indeed,  were  very 
nearly  equal  to  those  of  the  second  series;  but 
after  being  subjected  to  the  violence  of  contact 
in  the  whole  mass,  their  inferiority  became  very 
apparent.  The  mean  power  of  the  softer  plates, 
separately,  compared  with  that  of  the  second 
series  of  harder  plates — was  as  the  tangent  of 
the  angle  of  deviation,  3°  26',  to  tangent  of 
3°  3 T;  but  after  combination,  as  tangent  of 
1°  8  to  tangent  of  1°  44'. 

The  inequality  in  the  strength  of  the  different 
series,  however,  became  more  apparent,  when 
they  were  tested  by  being  all  combined  in  one 
fasciculus,  with  similar  poles  together.  The 
resulting  powers  of  the  several  series  then  tried 
separately — that  is  in  sets  of  eight  plates  each — 
were  found  to  be  very  dissimilar,  the  first  set 
producing  a  deviation  in  the  needle  of  the  com¬ 
pass  of  14°  7',  the  second  of  12°  5',  and  the  third 
(or  that  soft  in  the  middle)  of  8°  5'.* 

*  It  is  proper  to  be  noted,  that  an  undue  application  of 
these  results,  with  reference  to  the  particular  question  under 
consideration,  be  not  made,  that  the  softer  condition  of  the 
middle  of  some  of  these  plates  was,  probably,  not  produced  by 
a  second  heating,  or  reducing ,  as  in  the  former  cases  considered 
in  this  section. 
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Notwithstanding  the  accordance  of  all  these 
latter  experiments,  made  with  two -feet  plates, 
with  the  results  of  investigations  described  in 
the  former  chapters, —the  difference  in  the  case 
of  the  smaller  plates  yet  remained  unexplained. 
One  or  other  of  these  conclusions,  therefore, 
seemed  inevitable, — either  that  the  heating  of 
moderately  tempered  bars  until  a  change  of 
colour  appears,  does  not  necessarily  reduce  the 
temper,  or  degree  of  hardness ;  or  that  such 
reducing  of  temper,  in  certain  cases  (the  exact 
conditions  of  which  are  not  yet  determined), 
instead  of  diminishing,  serves,  as  Captain  Kater 
had  concluded,  to  augment  the  capacity  of  steel 
for  magnetism. 

Not  being  able  to  ascertain,  whether  the 
portions  that  had  been  discoloured  by  being 
heated  were,  or  were  not,  reduced  in  temper, — 
I  considered  that  I  might  determine  satisfac¬ 
torily,  by  another  course  of  procedure,  whether 
the  reduction,  if  any,  was  at  all  considerable. 

In  order  to  the  determination  of  this  fact,  I 
took  a  portion  of  the  8*7  inch  plates  (nine  in 
number),  which  had  been,  apparently,  the  most 
reduced.  These  I  put  together  into  an  ordinary 
kitchen  fire,  until  heated  to  the  apparent  degree 
of  the  bright  cinders  amid  which  they  were 
placed.  On  being  removed,  they  were  laid  on 
the  hearthstone  to  cool. 
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The  magnetic  condition  was  now  found  to 
have  undergone  a  very  great  change.  Mag¬ 
netised  to  the  utmost,  their  deviating  power, 
separately,  was,  on  an  average,  reduced  from 
about  9°  17'  (the  power  in  the  original  temper) 
to  about  6°  55';  whilst  their  power  in  combi¬ 
nation  was  reduced  very  nearly  one-half!  Or 
taking  the  proportions  conversely,  in  respect  to 
the  superiority  of  one  condition  over  another, 
we  find,  that  although,  in  the  former  experi¬ 
ments,  nine  of  the  plates  in  combination  which 
had  been  moderately  heated  in  the  middle, 
obtained  an  accession  to  their  original  power  of 
about  one-tenth ;  yet,  nine  of  the  same  plates,  as 
shewn  by  this  latter  experiment,  when  in  their 
original  condition  of  temper,  had  a  greater 
power  than  the  same  had  when  heated  to  red¬ 
ness  in  the  kitchen  fire,  in  the  proportion  of 
418  to  225,  or  nearly  nine  tenths  more 

Hence  it  becomes  obvious,  that,  whatever  may 
have  been  the  change  produced  in  the  condition 
of  the  plates,  by  the  former  mode  of  heating  on 
a  bar  of  iron,  the  quantity  of  that  reduction  must 
have  been  very  small. 

The  actual  effect  of  this  small  measure  of  heat¬ 
ing,  on  the  arrangement  of  the  particles  of  the 
steel  in  that  particular  state  of  elastic  temper, 
I  was  disposed,  at  this  point  of  the  investigation, 
to  imagine,  might  perhaps  be  only  just  sufficient 
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to  disturb,  or  raise,  as  it  were,  the  crystalline 
structure  of  the  ferruginous  elements,  which,  in 
the  case  of  the  larger  and  thinner  plates,  sub¬ 
jected  to  the  same  treatment,  had  been  not  only 
disturbed,  but  partially  changed  or  reduced ! 

Another  view  of  the  difficulty,  however,  now 
occurred  to  me,  by  which,  what  had  hitherto 
proved  so  embarrassing,  seemed  likely  not  only 
to  be  resolved,  but  the  principles  elsewhere 
deduced,  established  and  confirmed. 

It  has  before  been  shewn,  from  the  experi- 
ments  described  in  chap.  v.  Part  i.,  and  by 
the  principles  exhibited  in  chap,  vm.,  that  the 
energy  which  a  magnet,  unsustained  by  a  keeper 
or  conductor,  is  able  to  receive  and  retain ,  is 
dependent  on  the  measure  of  concurrent  action 
of  the  two  qualities  of  capacity  for  magnetism, 
and  of  tenaciousness  or  strength.  The  first 
quality  is  possessed  in  the  greatest  degree  by  iron , 
especially  by  iron  of  the  finest  and  softest  de¬ 
scriptions;  and  next  by  steel ,  of  the  finest  kinds 
and  in  the  softest  state.  The  second  quality, 
which  is  scarcely  possessed  at  all  by  iron,  and 
in  a  very  moderate  degree  by  soft  steel,  belongs 
most  eminently,  in  respect  of  steel,  to  that  of  the 
greatest  hardness;  and  occurs,  intermediately, 
in  a  certain  relation  to  the  degree  of  hardness. 
Hence  these  two  qualities  have  a  varying  in¬ 
fluence  on  the  power  of  a  magnet,  according  as 
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the  mass  is  enlarged  or  the  hardness  increased; 
so  that  in  small  masses  and  very  thin  plates, 
capacity  gives  the  pre-eminence,  and  in  large 
masses  or  thick  bars,  tenaciousness , — inasmuch 
as  in  these,  where  the  magnetic  tension  or 
violence  is  great,  the  power  of  sustaining  the 
tension  is  of  the  first  importance. 

We  find,  therefore,  as  has  been  before  shewn, 
that  there  are  particular  limits  within  which 
each  quality,  as  it  affects  merely  the  primary 
energy  immediately  after  being  magnetised,  has 
its  pre-eminence.  If  the  tension  of  the  magnet, 
or  combination  of  magnets,  be  not  beyond  a 
certain  limit,  the  moderate  tempering  will  outvie 
that  of  greater  hardness;  if  beyond  that  limit, 
the  increased  hardness  will  be  superior. 

Now  the  difficulty  under  consideration  might, 
it  appeared  probable,  be  resolvable  into  this 
particular  case — viz.  a  case  in  which  there  being 
no  great  tension  or  violence  of  combination, 
the  gain  of  capacity,  by  the  slight  and  partial 
reduction  of  the  hardness,  had  not  been  over¬ 
come  by  the  effect  of  the  diminished  tenacious¬ 
ness.  For  if  this  were  the  fact,  then  the  apparent 
difficulty  would  resolve  itself  into  actual  con¬ 
formity  with  the  previously  determined  princi¬ 
ples  on  which  the  energy  of  magnets  of  different 
masses  and  degrees  of  hardness  is  dependent. 

And  that  this  was  really  the  fact,  in  the  special 
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case  contemplated,  this  consideration  rendered 
probable,  that,  although  the  number  of  plates 
combined  was  so  considerable  (twenty-four),  yet 
their  united  energy  w7as  but  of  very  moderate 
amount, — so  moderate,  indeed,  that  (as  the  in¬ 
spection  of  the  table  at  page  137  will  shew)  the 
total  effect  of  the  whole  series  wras  but  little  more 
than  three  times  that  of  a  single  plate! 

The  fact,  however,  promised  to  be  determined 
by  another  mode  of  investigation,  in  which  the 
inquiry  should  be, — whether,  in  cases  where  an 
augmentation  of  energy  was  yielded  by  heating 
or  reducing  the  plates  in  the  middle,  that  reduc¬ 
tion  of  temper  was  not  accompanied  by  a  dimi¬ 
nution  in  tenaciousness  or  strength?  If  so  it 
should  prove,  then  wrould  the  present  case  come 
strictly  within  the  principles  before  laid  down. 

In  order  to  the  determination  of  this  inquiry, 
1  selected  five  plates  of  tempered  steel,  of  the 
uniform  length  of  six  inches,  of  the  breadth  of 
three-eighths  to  one-half  inch,  and  of  different 
thicknesses.  They  were  all  supposed  to  be  of 
a  spring  temper  throughout.  The  maximum 
power  of  each  of  these  plates  w7as  first  determined, 
and  the  reduction,  after  application  to  the  test- 
bar  (H),  ascertained  on  the  trial-board. 

They  were  then  placed  on  a  piece  of  iron, 
heated  to  redness,  till  the  colour  near  the  middle 
partially  changed  to  a  blue,  when  they  were 
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plunged  into  cold  water;  the  maximum  power 
of  each,  with  the  effect  of  the  test- bar  on  it,  was 
again  determined.  Finally,  the  same  plates  were 
heated  again,  to  a  little  further  extension  of  the 
discoloration,  and  placed  on  the  hearth-stone 
to  cool; — the  powers,  as  in  the  other  cases,  be¬ 
fore  and  after  testing,  being  once  more  deter¬ 
mined  on  the  trial-board.  The  whole  of  the 
results  are  comprised  in  the  annexed  table: 


No.  of  the  Plate. 

Weight  in  Grains 

Original  tempered 
state. 

Temper  T. 

Reduced  in  the 
middle 

and  quenched. 

Reduced  again 
and 

cooled  gradually. 

Maxi¬ 

mum 

Power. 

After  the 
Test  Bar. 

Maxi¬ 

mum 

Power. 

After  the 
Test  Bar. 

Maxi¬ 

mum 

Power. 

After  the 
Test  Bar. 

i. 

ir. 

hi. 

IV. 

V. 

VI. 

vir. 

VIII. 

0  9 

O  9 

O  9 

O  9 

I. 

634 

19-8 

5-24 

18-41 

5-7 

II. 

246 

13-54 

5-15 

13-45 

4-46 

13-47 

4-29 

III. 

162 

10-39 

4-29 

10-45 

4-10 

10-44 

3-55 

IV. 

147 

10-8 

—  1-0 

10-10 

—  1-4 

9*56 

—  M3 

V. 

120 

10-0 

-fO-42 

10-10 

+  0-7 

These  results  completely  verify,  I  think,  the 
views  just  suggested,  by  which  an  apparent 
difficulty  becomes  not  only  accordant  with,  but 
confirmatory  of,  the  general  laws.  For  here,  it 
will  be  perceived,  by  comparing  columns  tii.  and 
v.,  that,  in  three  instances  out  of  five  (numbers 
hi.  iv.  and  v.),  the  reduction  in  the  temper  of  the 
plates  yielded  a  small  augmentation  of  the  mag- 
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uetic  energy — in  accordance  with  the  fact  in  the 
particular  case  inquired  into.  But  this  augmen¬ 
tation,  it  is  observable,  belongs  to  capacity  only , 
and  not  to  strength  or  tenaciousness.  For  the 
effect  of  the  test-bar  (constituting  a  more  severe 
trial  of  the  “  strength”  for  retaining  magnetism 
than  that  yielded  by  the  combination  of  the 
8*7 -inch  plates  in  one  fasciculus),  was  uniformly 
to  shew  a  deterioration  in  tenaciousness.  Com¬ 
paring  columns  vi.  and  vm.  with  column  iv.  (the 
latter  shewing  the  power  of  the  respective  plates 
under  the  action  of  the  test-bar  in  their  original 
condition,  as  to  temper),  we  find  an  undeviating 
verification  of  the  previously  held  law, — viz. 
that,  whilst  a  reduction  of  hardness  may,  within 
certain  limits  as  to  mass,  yield  increase  of 
energy,  it  is  obtained  at  the  expense  of  a  mea¬ 
sure  of  tenaciousness.  The  gain,  therefore,  in 
the  combination  of  the  8*7-inch  plates,  by  a 
slight  reduction  of  their  temper  in  the  middle, 
appears  to  be  due  simply  to  the  increase  of 
capacity  for  magnetism  yielded  to  the  plates  by 
this  change, —  a  gain,  however,  which,  it  now 
appears  evident,  would  have  disappeared,  had 
the  plates  been  subjected  to  a  sufficiently  high 
degree  of  violence. 

That  this  is  no  arbitrary  assumption,  we  may 
assure  ourselves  by  comparing  the  proportional 
advantage  in  the  reduced  temper  (table,  page 
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137)  at  the  beginning  and  end  of  the  series. 
In  the  first  instance  the  increase  of  power  in 
the  plates  separately ,  by  the  partial  heating  in 
the  middle,  was  about  one-fifth  of  that  of  the 
plates  in  their  original  and  equable  temper;  but 
the  proportionate  gain,  when  the  twenty-four 
were  combined,  had  reduced  to  about  one-tenth. 
So  that,  had  the  combination  been  carried  suffi¬ 
ciently  far,  the  set  of  plates  which  had  been 
improved  by  being  partially  heated,  would,  in 
all  probability,  have  been  ultimately  found 
inferior  to  those  in  the  original  state. 

Having  projected  the  powers  of  this  series  of 
plates  in  their  different  alterations  of  temper, 
after  the  manner  of  the  diagrams  already  given, 
I  found  this  result,  apparently,  inevitable; — for 
the  production  of  the  curves,  so  far  as  obtained, 
in  a  regular  form,  caused  them  to  intersect  at 
the  place  of  about  the  thirty-second  plate,  and 
to  yield,  ultimately,  (in  exact  accordance  with 
theory)  an  unequivocal  indication  of  superiority 
of  power  to  the  harder  or  original  condition  of 
the  plates.  [See  Diagram,  No.  4.J 

Guided  by  this  view  of  the  once  perplexing 
difficulty,  the  explanation  of  the  differences  in 
the  results  of  the  other  experiments  connected 
with  the  same  inquiry,  becomes,  for  the  most 
part,  abundantly  simple.  For  it  would  hence 
appear,  that  the  loss  of  power  in  the  thin  two- 
feet  plates,  by  their  being  reduced  in  the  middle 
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(table,  page  139),  is  to  be  attributed  to  the  over- 
reduction  of  temper — of  the  effect  of  which,  in 
an  extreme  case,  we  have  a  striking  example  in 
the  thorough  softening  of  the  8*7-inch  plates, 
described  at  page  145.  In  the  case  of  the  larger 
series  of  two-feet  plates,  in  which  the  powers  of 
those  equally  tempered,  and  those  “  softer  in 
the  middle,”  are  compared  (table,  page  142),  we 
infer  a  like  condition,  in  explanation  of  the  fact 
of  a  loss  of  power  in  the  plates  of  reduced 
temper,  viz.,  that  they  were  softer  in  the  middle 
than  was  consistent  with  the  modification  of 
structure  resulting  in  gain  of  capacity. 

In  regard  to  the  particular  instances  given  in 
the  last  table,  in  which  the  reduction  of  the 
temper  of  two  of  the  plates,  though  very  slight , 
was  attended  with  a  loss,  instead  of  a  gain,  in 
the  resulting  energy,  other  circumstances,  rela¬ 
ting  to  the  quality  of  the  steel,  degree  of  hard¬ 
ness,  or  the  original  mode  of  tempering,  might 
perhaps,  if  fully  known,  have  explained  the 
difference  in  the  results.  But  these  inequalities 
are  of  no  consequence  in  the  more  immediate 
inquiry;  our  object  being  to  shew,  as  I  trust 
has  been  accomplished,  that  the  apparent  dis¬ 
crepancy  of  the  results  obtained  by  slightly 
reducing  the  temper  of  the  series  of  8'7-inch 
plates — as  to  their  power  in  combination — does 
not  militate  against  the  laws  previously  deter¬ 
mined,  nor  does  it  invalidate  the  principle  of 
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the  mode  of  testing  for  ascertaining  the  degree 
of  hardness. 

At  all  events,  the  embarrassment  occasioned 
by  this  particular  case,  in  its  bearing  upon  cer¬ 
tain  principles  deduced  from  the  former  investi¬ 
gations,  has  been  fairly  and  candidly  stated,  and 
the  series  of  experiments  connected  with  it  given 
in  detail.  The  scientific  reader,  therefore,  will 
be  able  to  form  his  own  judgment  on  the  expla¬ 
nation  just  suggested — whilst  the  magnetician 
may  be  induced,  perhaps,  to  investigate  the  case 
more  fully,  so  as  to  come  to  a  still  more  decided 
conclusion  in  respect  to  the  exact  conditions  on 
which  all  the  apparent  differences  depend. 

» 

2.  Of  the  magnetical  powers ,  separately ,  and 
in  combination ,  of  steel  plates  variously  tempered , 
both  in  extent  of  surf  ace  and  in  degree  of  hardness. 

The  object  of  this  investigation  was  to  deter¬ 
mine,  not  only  the  effects  of  various  differences 
in  the  degree  of  hardness,  in  similar  plates,  and 
of  inequalities  of  temper  in  the  same  plates, 
upon  their  respective  magnetic  capacities  and 
tenaciousness;  but  also  the  relative  effects  of 
such  differences  of  temper  on  combinations  of 
plates  similarly  prepared,  as  compared  with  the 
effects  on  single  or  separate  plates. 

Well  calculated  for  the  proposed  inquiries  was 
a  series  of  steel  plates,  of  the  nature  of  busks 
used  in  the  stays  of  females,  tempered,  in  sets, 
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in  a  considerable  variety  of  ways,  which  had 
been  considerately  prepared  for  me  by  Mr. 
Davenport  of  Sheffield,-— a  manufacturer  whom 
I  had  employed  for  the  construction  of  a  consi¬ 
derable  part  of  the  bars  and  plates  used  in  the 
foregoing  investigations. 

The  whole  series  comprised  twenty-one  plates 
of  steel  of  similar  dimensions,  very  nearly, — 
the  length  of  each  being  14*4  inches;  the 
breadth  D5  inch;  the  thickness  about  *025  inch. 


They  were  correspondingly  tempered  in  sets  of 
thi'ee  plates,  and  comprised  the  following  varie¬ 
ties,  in  the  description  of  which  the  average 
weight  of  the  plates  of  each  set  is  specified : 


Average 

No.  Weight. 

I.  The  steel  in  the  three  plates  of  this  set  was~i  lb. 
described  as  being  in  the  “  raw  state/’  as  it  >  *140 
comes  from  the  rolling-mill,  quite  soft  -  J 
II.  The  same  kind  of  steel,  hardened  throughout A  .jgg 
as  hard  as  glass  -  -  -  - 

i  1 1 .  Similar  busks  tempered ,  spring  temper,  in  the  l  ,|gg 
middle ,  the  ends  remaining  quite  hard  -  J 

IV.  Similar  busks,  tempered  at  one  end ,  the  rest^ 
quite  hard  -  -  -  -  -  f 

V.  Similar  busks,  tempered  at  both  ends,  the')  .^gg 
middle  quite  hard  -  -  -  -  i 

V I.  Similar  busks,  tempered  throughout,  and  quite'!  ,  qQ 
elastic  -  -  -  -  -  -  j 


[All  the  above  were  black  and  unpolished.] 

VII.  Three  busks,  quite  finished,  tempered,  glazed,")  ^30 
perfectly  elastic,  select  specimens  -  J 


With  these  busks — being  all  magnetised  care¬ 
fully,  by  process  KS— experiments,  separately 
and  variously  combined,  of  which  the  following 
table  contains  the  results,  were  made: 
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The  relative  measure  of  retentiveness,  or 
strength,  in  the  different  combinations,  especially 
under  that  of  the  greatest  violence  when  the 
whole  series  was  laid  together,  we  have  here 
very  strikingly  and  satisfactorily  exhibited.  For 
we  have  here  proved,  what  theory  suggested,  that 
whereas  the  perfectly  hard  plates  received  the 
weakest  power,  in  their  separate  condition  after 
being  first  magnetised,  yet  these  were  found  to 
be  the  most  energetic  after  the  whole  series  had 
been  placed  in  a  mass. 

The  comparative  capacity  for  magnetism, 
separately,  of  the  different  classes  of  busks,  is 
shewn  by  the  angle  of  deviation,  column  n.,  or 
by  the  numerical  tangent,  col.  hi.,  and  the  sum 
of  the  powers  of  the  three  busks  of  each  set, 
by  the  tangent  in  coh  iv.  Comparing  col.  iv. 
with  col. vi.  —the  tangent  of  the  deviation  pro¬ 
duced  by  the  three  busks  of  each  set,  laid  upon 
each  other  and  pressed  together  by  a  weight  of 
about  a  pound — we  obtain  the  proportional  loss 
by  this  measure  of  combination,  which  is  repre¬ 
sented  in  col.  vii.  And  comparing  col.  iv.  with 
col.  ix. — the  tangent  of  the  angle  of  deviation 
produced  by  each  set  in  combination,  after  they 
had  been  laid  in  one  mass,  and  the  several  busks 
of  each  set  dispersed  in  an  alternating  series  in 
the  mass,  and  the  whole  compressed  together  by 
tying — we  find  the  proportional  loss  produced  by 
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this  exposure  to  the  greater  violence,  represented 
in  the  ratio  per  centum  in  col.  x.  Comparing, 
finally,  col.  hi.  with  col.  xn. — the  tangent  of 
the  average  deviation  of  the  three  busks  of  each 
set,  tried  separately,  after  the  combination  of  the 
whole  mass — we  perceive  the  proportional  loss 
in  the  busks,  severally,  by  this  combination, 
represented  in  col.  xiii.  at  the  rate  per  centum. 

The  influence  of  tempering,  or  the  reduction  of 
hardness,  in  producing  a  diminution  of  strength 
in  the  busks — was  evinced  in  the  case  of  the 
series  No.  iv.,  tempered  only  at  one  end,  in  a 
manner  much  more  strikingly  than  appears  in 
the  table.  When  first  magnetised  and  tried 
separately,  the  average  power  with  the  hard 
extremity  presented  to  the  compass,  was  4°  35', 
and  with  the  tempered  extremity  the  same:  com¬ 
bined  in  their  own  series  of  three  busks,  the 
hard  end  exhibited  a  deviating  power  on  the 
compass  of  11°  38  * — the  tempered  end  of  11°  6'. 
After  combination  in  the  whole  mass,  the  three 
busks  together  produced  a  deviation  of  10°  0' with 
the  hard  ends  towards  the  compass,  and  of  7°  53' 
with  the  tempered  ends  towards  the  compass, — 
the  average  power  of  the  three  busks  separately 
now  being — hard  end  towards  the  compass  3°  45/ 
— tempered  end  2°  27'. 

In  series  No.  i. — in  which  the  busks  were 
perfectly  soft — the  magnetism  was  not  merely 
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neutralised  by  the  effect  of  the  violence  of  the 
mass,  but  the  poles  reversed.  And  in  series 
No.  vi. — tempered  throughout,  the  power  was 
almost  destroyed.  The  great  difference  betwixt 
the  effect  of  the  violence  on  sets  No.  vi.  and 
No.  vii.,  is  only  to  be  ascribed  to  temper,  which, 
though  supposed  by  the  manufacturer  to  be  the 
same,  was,  no  doubt,  very  dissimilar. 

No  account  has  been  taken  in  these,  or  in  any 
of  the  foregoing,  experiments,  with  similar  plates, 
of  the  little  differences  of  weight  in  the  several 
plates, — because  of  the  small  corrections  which 
might  be  requisite  for  reducing  the  observations 
to  uniformity  of  mass  in  each  plate,  being  much 
less  than  the  differences  arising  from  want  of 
correspondence  in  the  nature  of  the  contact,  in 
the  process  of  magnetising  the  plates,  or  from 
varieties  in  the  actual  condition  of  corresponding 
series,  as  to  temper,  or  density  of  the  substance. 

The  total  energy  of  the  mass  of  twenty-one 
plates  in  combination,  when  bound  together  by 
a  string,  was  found,  in  one  experiment,  to  be 
equivalent  to  a  deviating  influence  of  26°  53'; 
and,  in  another,  after  the  whole  of  the  busks 
had  been  remagnetised,  of  26°  50'.  But  had 
set  No.  i.  been  withdrawn,  which  had  abstracted 
from  the  total  power,  and  also  No.  vi.,  the  effect 
of  which  was  doubtful — the  deviating  power  of 
the  remaining  fifteen  harder  busks,  would,  with¬ 
out  doubt,  have  proved  much  greater. 
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3.  Of  the  magnetic  powers  of  combinations  of 
very  hard  plates  and  bars. 

Finding,  from  the  various  investigations 
on  the  hardening  of  steel,  that  the  condition 
of  hardness  was  so  advantageous  to  magnetic 
energy  when  tried  both  on  single  bars  of 
considerable  thickness,  and  on  plates  combined 
into  moderate  masses — it  became  important  to 
determine — what  positive  measure  of  advantage 
the  greatest  hardness  might  yield,  when  the  steel 
so  prepared  should  be  subjected  to  the  violence 
of  still  more  powerful  magnetic  combinations  ? 

(1).  As  to  hard  plates. — In  the  trial  of  the 
busks,  employed  in  the  experiments  detailed  in 
the  preceding  section,  it  was  found,  that,  al¬ 
though  the  capacity  of  the  hard  busks  (No.  n.) 
for  the  magnetic  condition,  was  the  lowest  of  the 
series  when  taken  separately,  yet  when  compared 
with  others  as  combined  only  in  sets  of  three, 
their  united  powers  had  gained  an  equality, 
nearly,  with  several  of  the  other  sets.  When  it 
was  also  found,  that,  subjected  to  the  violence  of 
a  combination  of  all  the  different  sets  together, 
the  hardest  plates  had  advanced  beyond  the 
power  of  any  of  the  others; — it  became  quite 
obvious,  that  a  much  greater  ultimate  power  might 
be  obtained  in  combination ,  by  the  employment 
of  thoroughly  hard  plates,  than  by  any  of  the 
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combinations  of  tempered  plates  hitherto  em¬ 
ployed. 

For  the  determination  of  the  real  effect  of  such 
combination,  as  to  its  comparative  advantage, 
a  large  quantity  of  busks,  thoroughly  and  simi¬ 
larly  hardened,  was  ordered  of  the  manufacturer. 
These  consisted,  in  the  first  instance,  of  72  similar 
plates — but  the  number  was  afterwards  increased 
to  192.  The  common  or  average  dimensions  of 
the  whole,  were,  15  inches  in  length,  1*5  inches 
in  breadth,  and  ‘025  inch  in  thickness;  and 
the  average  weight  was  *1534  lb.  or  1074  grains. 
They  were  all  in  a  rough  state,  just  as  the  plates 
came  out  of  the  bath  in  which  they  were  har¬ 
dened. 

The  separate  action  of  these  plates  on  the 
compass,  at  two  lengths’  distance,  was  such  as 
to  produce  a  mean  deviation  of  3°  21 . 

The  following  table  exhibits  a  twofold  series 
of  experiments:  first,  of  the  powers  of  72  plates; 
and,  secondly,  of  those  of  192  plates.  In  the 
first  series,  the  powers  in  combination  of  12 
plates  are  given  in  a  regular  series,  and  then 
the  effects  of  further  additions  of  two,  six,  or 
twelve  plates,  to  the  fasciculus,  up  to  the  amount 
of  72.  In  the  second  series,  the  powers  are 
given  in  successive  additions  of  24  plates  after 
the  first  12.  The  plates,  on  this  occasion,  were 
tied  up  in  bundles  of  a  dozen,  and  the  accession 
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of  magnetic  power  was  observed  on  every  addi¬ 
tion  of  two  such  bundles. 


Series  of  72  hard 

Plates. 

Series  of  192. 

No. 

Mean 

Power. 

No. 

Mean  Power. 

No. 

Mean  Power. 

of 

of 

of 

Pits. 

Devia¬ 

tion. 

Tangent. 

Pits. 

Devia¬ 

tion. 

Tangent. 

Pits. 

Devia¬ 

tion. 

Tangent. 

1 

O  9 

3-18 

58 

14 

32-25 

635 

12 

O  9 

26-42 

503 

2 

6-23 

112 

16 

35-5 

702 

24 

41-8 

873 

3 

9-41 

171 

18 

37-15 

760 

48 

54-14 

1 888 

4 

1210 

216 

20 

39  15 

817 

72 

60-16 

1751 

5 

14-38 

261 

22 

41-15 

877 

96 

63-20 

1991 

6 

1715 

311 

24 

42-38 

921 

120 

66-0 

2246 

7 

19  22 

352 

30 

47-2 

1074 

144 

68.32 

2543 

8 

21-40 

397 

36 

5052 

1229 

158 

70-21 

2801 

9 

23-50 

442 

42 

53  17 

1341 

192 

72-6 

3096 

10 

25-37 

479 

48 

55-30 

1455 

11 

27-50 

528 

60 

58-32 

1634 

12 

2917 

561* 

72 

61-19 

1828 

1 

*  The  first  12  plates  of  the  series  of  72  were  combined  under  a 
pressure  only  of  2  pounds,  the  remainder  under  a  3-pound  pressure. 
The  plates,  however,  being  uneven,  were  far  from  being  in  general 
contact.  When  the  48  plates,  producing  a  deviation  of  55°  30',  were 
compressed,  by  being  tied  tightly  with  twine,  the  deviation  fell  to 
53°  1 5';  but  they  recovered  their  power,  when  restored  to  their  former 
state  of  pressure,  to  the  extent  indicated  by  the  deviation,  54°  38'. 


It  has  been  shewn,  in  the  Results  of  the  in¬ 
vestigations  on  the  powers  of  combinations  of 
magnetised  plates  of  tempered  steel,  in  contact, 
(Part  ii.  chap,  i.),  that  such  combinations,  if 
numerous,  soon  cease  to  be  very  effective;  so 
that  no  extent  of  additions  would  more  than 
double  the  power  of  the  first  six  plates  of  the  kind 
there  referred  to.  But  here,  in  the  use  of  hard 
plates,  we  have  a  remarkable  and  satisfactory 
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improvement;  for  we  find  the  power  of  the  first 
six  plates  actually  doubled  by  14,  trebled  by  24, 
quadrupled  by  36;  whilst  the  power  of  192 
plates  is  nearly  ten  times  as  great  as  that  of  six ! 

Comparing,  again,  the  powers  of  these  hard 
plates,  in  combination,  with  those  of  bars,  tem¬ 
pered  as  they  usually  are  in  the  manufacture  of 
magnets  in  this  country,  we  find  equally  re¬ 
markable  and  satisfactory  results. 

Not  to  take  the  case  of  magnets  of  different 
lengths,  where  the  comparison  becomes  less  con¬ 
clusive,  i  shall  here  only  adduce  the  proportions 
of  the  powers  of  a  set  of  bars,  constructed  ex¬ 
pressly  for  this  comparison,  of  the  same  length 
and  breadth  as  these  dimensions  of  the  hard 
steel  plates. 

These  bars  were  made  of  “  blister  steel,”  and 
consisted  of  one  pair  of  the  thickness  of  0*28 
inch,  weighing  T762  pounds  each;  and  of  an¬ 
other  pair  of  the  thickness  of  0*47  inch,  weigh¬ 
ing,  on  an  average,  3*006  pounds.  These  thinner 
bars  were  each  equal  in  mass  to  a  little  more 
than  eleven  of  the  hard  plates  ;  and  the  thicker 
to  about  twenty. 

In  the  first  comparison,  the  bars  were  only 
tempered  at  a  blue,  in  a  very  short  extent  at  the 
ends,  (the  whole  of  the  intermediate  portions 
being  soft,)  and  in  that  state  the  power  of  the 
thin  bars,  separately,  was  to  that  of  an  equal 
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mass  of  hard  plates,  as  1  to  2*64.  But  the  thick 
bars,  being  of  inferior  quality,  not  having  under¬ 
gone  the  same  hammering  (see  p.  84),  had  only 
a  magnetic  capability,  compared  with  that  of  an 
equal  mass  of  hard  plates,  in  the  proportion  of 
187  to  817,  or  as  1  to  4*4  nearly.  The  power 
of  the  two  thinner  bars  together,  compared  with 
a  corresponding  weight  of  hard  plates,  was  as 
1  to  3*9:  and  of  the  two  thick  bars  as  1  to  6*0. 

The  bars  were  then  made  hard  at  the  ends 
(without  being  reduced  or  tempered)  for  an  ex¬ 
tent  of  about  three  inches,  when  their  magnetic 
capabilities  were  found  to  have  improved;  so 
that  each  thin  bar,  compared  with  a  like  weight 
of  hard  plates,  now  exhibited  the  ratio  of  1  to  2; 
and  each  thick  bar  of  1  to  3*4.  Tried  in  com¬ 
bination,  the  ratio  of  power  of  the  pair  of  thin 
bars,  with  an  equal  mass  of  hard  plates,  was  as 
1  to  2*7  ;  and  of  the  pair  of  thick  bars,  as  1  to  4*5. 

In  the  next  comparison,  the  hardness  of  the 
ends  of  the  bars  was  reduced  to  a  blue  temper, 
when  the  comparison,  with  equal  masses  of  hard 
plates,  gave  the  following  ratios  : — Each  thin 
bar,  as  1  to  2*3;  the  pair  of  thin  bars,  as  1  to 
3*2.  Each  thick  bar,  as  1  to  3*6  ;  and  the  pair 
of  thick  bars,  as  1  to  4*7. 

For  a  final  comparison,  the  bars  were  ordered 
to  oe  made  as  hard  as  possible;  but  this  order 
was  only  accomplished  with  the  thinner  pair — 

m  2 
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all  the  efforts  of  a  clever  artisan  having  failed  to 
harden  the  others.  The  result  with  the  thinner 
bars,  however,  was  satisfactory— each  bar  ex¬ 
hibiting  a  much  nearer  advance  towards  the 
powers  of  the  hard  plates  ;  the  proportion  of 
equal  masses  now  being  as  1  to  1*4 6,  with  one  bar, 
and  as  1  to  T62,  with  the  two  bars  combined. 

We  thus  find  the  superiority  of  the  magnetic 
powers  of  combinations  of  hard  plates,  over  those 
of  bars  tempered  or  hardened  in  different  de¬ 
grees,  to  be  most  decisive.  Whilst  the  power  of 
these  hard  .plates,  individually,  was  (in  accord¬ 
ance  with  former  experiments  and  with  theory) 
found  to  be  inferior  to  that  of  tempered  plates ; 
that  inferiority,  it  is  obvious,  only  belongs  to  a 
very  limited  mass.  For  inasmuch  as  the  dete¬ 
rioration  of  the  hard  plates,  by  the  violence  of 
combination,  is  so  much  less  considerable  than 
it  is  in  softer  or  tempered  plates  or  bars, — the 
proportional  power  in  the  hard  plates,  as  so  com¬ 
bined,  rapidly  gains  upon  that  of  combinations 
of  tempered  steel,  so  as,  after  a  series,  perhaps,  of 
six  plates,  to  come  to  an  equality  of  power  with 
the  best  capacities  of  steel  of  any  other  temper. 
Beyond  that  proportion  of  combination,  the  com¬ 
parison  becomes  wholly  in  favour  of  the  hard 
plates,  and  goes  on,  in  an  improving  ratio,  to 
the  utmost  extent  to  which  addition  to  the  com¬ 
bination  can  be  usefully  made. 
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The  diagram  No.  3,  Plate  hi.,  will  satisfac¬ 
torily  represent  to  the  eye,  the  comparative 
powers  of  combinations  of  hard  steel  plates,  and 
those  of  single  bars,  or  pairs  of  bars,  as  tempered 
at  the  ends  only,  in  the  ordinary  manner  of  mag¬ 
nets,  and  also  as  hardened  throughout.  The 
dotted  portions  of  the  curves  are  only  inferential;* 
but  they  are  abundantly  borne  out,  as  proximate 
powers,  by  analogy  with  the  curves  yielded  by 
the  powers  of  large  combinations  of  bars  of  other 
dimensions. 

The  series  of  successive  powers,  it  may  be 
observed,  exhibited  by  combinations  of  hard 
plates  (as  given  in  the  preceding  table),  is  not 
quite  so  regular  as  that  heretofore  obtained 
from  combinations  of  tempered  plates,  and  this 
for  one  very  obvious  reason :  the  imperfect  and 
irregular  nature  of  the  contact  obtained  in  these 
unavoidably  uneven  plates.  Besides  this  in¬ 
equality  in  the  measure  of  contact  in  the  smaller 
bundles  of  plates,  —  a  similar  condition  was  in¬ 
separable  from  the  various  combinations  of  the 
different  bundles;  so  that  when,  at  certain  limits, 
the  whole  were  strapped  together,  the  increase  of 
pressure  necessarily  occasioned  a  diminution  in 
the  power  of  the  whole  fasciculus,  and  a  conse¬ 
quent  inequality  in  the  series.  After  the  last 
result  had  been  obtained,  the  whole  mass,  of  192 
plates,  was  formed  into  a  square  prism  of  equal 
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sides  :  the  magnetism,  then,  being  more  con¬ 
densed,  the  power  was  considerably  reduced. 
So  also,  some  of  the  other  combinations,  when 
unduly  pressed  together,  were  reduced  beneath 
the  general  average. 

From  this  diagram — in  which  the  abscisses 
are  on  a  scale  of  just  five-ninths  of  those  of 
diagram  No,  2,  and  the  ordinates  of  one-third 
—we  may  readily  perceive  the  amazing  advan¬ 
tage,  in  large  combinations,  of  the  magnetic 
capabilities  of  hard  plates,  over  plates  or  bars 
otherwise  tempered.  The  ultimate  gain  of  the 
hard  plates,  over  a  combination  of  bars  of 
028  inch  thick,  tempered  along  a  considerable 
extent  at  the  ends,  appears,  by  the  proximate 
curve,  to  be  in  the  ratio  of  nearly  seven  to  one ; 
or  compared  with  a  series  of  similar  bars,  tem¬ 
pered  in  the  manner  in  which  compound  magnets 
are  usually  prepared  in  this  country,  the  ratio 
would  be  still  higher.  And  comparing  these 
powers  of  the  hard  plates,  with  the  power 
of  the  same  bars  when  hardened  in  a  like 
manner,  as  far  as  the  steel  was  susceptible  of 
hardness,  we  find  (by  reference  to  the  middle 
curve)  that  the  fasciculus  of  plates  still  has  the 
advantage  in  the  proportion  of,  probably,  nearly 
two  to  one^  Had,  however,  the  combination  of 
hard  plates  been  carried  farther,  it  is  quite 
obvious,  from  the  mere  inspection  of  the  diagram* 
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that  the  differences,  in  their  favour,  would  have 
been  increasingly  conspicuous  ;  for  whilst  the 
bars  of  the  ordinary  kind  of  temper  had  long 
ceased  to  gain  anything  worth  notice,  by  addi¬ 
tions  of  like  bars  to  the  mass, — as  shewn  by 
the  horizontally  of  the  extension  of  the  lower 
curves — the  curve,  expressive  of  the  power  of 
the  hard  plates,  is  still  found  to  rise  at  a  con¬ 
siderable  angle  with  respect  to  the  direction  of 
the  line  of  abscisses. 

It  has  been  remarked,  that  the  proximate  part 
of  the  curves  (distinguished  by  dotted  lines)  has 
the  support  of  analogy  derived  from  actual  expe¬ 
riments  with  some  large  series  of  bars  and  plates 
of  other  dimensions :  so  that  the  direction  and 
elevation  of  the  lower  curve  especially,  cannot, 
I  think,  be  far  from  the  truth.  The  probable 
accuracy,  however,  it  is  to  be  observed,  only 
relates  to  results  with  corresponding,  or  medium, 
qualities  of  steel ;  for  it  should  be  borne  in 
mind,  that  the  statement  often  made — “  that  the 
magnetic  qualities  of  different  denominations  of 
steel,  if  of  ordinary  goodness,  are  not  essentially 
various” — is  most  fallacious,  as  very  great  dif¬ 
ferences  will  be  found,  as  before  shewn,  in  the 
magnetic  powers  of  the  several  descriptions  and 
qualities  of  steel.  Hence,  none  of  the  curves 
of  these  diagrams,  if  applied  generally  are  to 
be  considered  otherwise  than  proximate,  as  to 
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their  elevation,  or  as  to  the  measures  of  their 
ordinates. 

As  to  the  diagram  No.  3,  the  curve,  represent¬ 
ing  the  powers  of  hard  plates,  has  been  derived 
from  experiment  with  steel  of  ordinary  quality, 
so  that,  were  the  best  cast-steel  substituted  for 
a  similar  experiment,  a  very  large  increase  would 
doubtless  be  given  to  the  elevation  of  the  curve. 

( 2 ).  As  to  hard  bars  in  combination.  —  The 
great  gain  in  magnetic  power  obtained  by  the 
use  of  hard  plates,  rendered  it  quite  certain  that 
a  gain,  somewhat  similar,  would  result  from  the 
thorough  hardening  of  the  bars  designed  for 
magnetic  combinations.  The  measure  of  gain, 
however,  was  matter  of  experiment. 

A  set  of  bars  well  adapted  for  such  experiment 
was  that  repeatedly  referred  to  in  chapter  i.,  of 
this  part  of  these  Investigations,  consisting  of  a 
series  of  similar  bars,  ten  in  number,  13*8  inches 
in  length;  11  inch  in  breadth,  and  0*255  in 
thickness.  The  average  weight  of  these  bars 
was  7462  grains,  and  the  total  weight  of  the  ten, 
10*66  pounds. 

They  were  orginally  made  for  a  pair  of  com¬ 
pound  straight-bar  magnets,  five  bars  in  each, 
and  tempered  in  the  usual  manner  at  the  ends 
only.  Their  powers  were  always  moderate; 
and  the  apparatus,  which  they  formed,  was  found 
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soon  to  lose  much  of  its  energy.  Having  care¬ 
fully  magnetised  the  whole  set,  determined  their 
separate  powers,  tested  their  respective  qualities, 
and  tried  their  powers  in  combination,  on  every 
addition  of  bar  by  bar  to  the  mass,  up  to  the 
completion  of  the  series,  —  I  then  sent  them 
to  a  manufacturer  in  steel,  at  Sheffield,  to  be 
thoroughly  hardened. 

On  their  return,  though  the  hardness  of  the 
bars  was  neither  complete,  nor  equable;  yet  a 
most  decided  and  satisfactory  improvement  was 
found  to  have  taken  place  in  their  magnetical 
capabilities.  The  comparison  of  their  respective 
powers  in  the  two  conditions,  as  to  hardness,  will 
be  the  best  exhibited  in  a  tabular  form: 


m 

1  ABLE 


Table  of  the  Magnetical  Powers  (Maximum  Capacity  and  Tenaciousness)  of  a  Set  of  Ten  Bars  of 

13*8  Inches  in  length,  in  Two  States  of  Hardness. 

[The  distance  from  the  Compass  was  Two  Lengths,  or  27*6  Inches.] 
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The  effect  of  hardening  this  set  of  bars,  was 
thus  shewn  to  be  in  exact  correspondence  with 
what  had  been  anticipated.  Comparing  columns 
in.  and  vii.,  we  perceive  the  general  gain  of 
magnetic  capacity,  by  hardening,  in  the  bars 
individually ;  and  comparing  columns  vi.  and  x., 
we  see  the ‘•still  further  gain  obtained  under 
the  respective  combinations,  bar  by  bar,  up  to 
the  amount  of  the  whole  series. 

A  similar  experiment  was  made  with  the  bars 
of  a  large  compound  magnet  of  the  horse -shoe 
form,  and  with  an  analogous  result.  These  bars 
were  nine  in  number,  and  had  been  moderately 
hardened,  in  the  usual  way,  only  at  the  ends 
or  poles.  They  were  composed  of  the  ordinary 
quality  of  steel,  and  weighed,  on  an  average, 
2*58  pounds,  or,  in  the  whole,  23*05  pounds. 
In  the  original  state  of  the  instrument  tliev  had 
a  lifting  power,  separately,  when  most  highly 
magnetised,  of  about  14*3  pounds;  but  this 
power,  after  the  conductor  had  been  once  re¬ 
moved,  fell  to  that  of  8*9  pounds. 

As  it  would  have  been  a  very  difficult  task  to 
have  hardened  these  bars  throughout,  without 
change  of  form — I  got  them  hardened,  at  a 
bright  red  heat,  in  all  parts  except  at  the  bend, 
which)  being  left  soft,  enabled  the  artisan  to 
adjust  them,  (pretty  nearly)  to  their  original 
shape. 
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With  this  measure  of  hardening,  an  improve¬ 
ment,  fully  as  great  as  what  I  had  anticipated, 
was  found  to  have  taken  place  in  their  magne- 
tical  properties.  Their  separate  lifting  powers, 
indeed,  before  the  removal  of  the  conductors 
which  had  been  attached  to  them,  severally, 
during  the  magnetising  process,  was  not  greatly 
augmented — the  amount  of  their  powers,  as  tried 
separately,  having  only  increased  from  124  to 
134  pounds.  But  after  the  removal  of  the 
conductors,  the  comparison  of  their  subsequent 
powers  indicated  an  improvement  in  the  pro¬ 
portion  of  the  advance  from  80  pounds  to  120 
pounds, — the  former  being  the  amount  of  their 
separate  lifting  powers  after  the  removal  of 
the  conductors  in  their  original  state,  as  to 
tempering;  and  the  latter  in  their  hardened 
condition. 

When  the  power  of  the  whole  series  of  bars 
was  tried  in  combination — an  equally  satis- 
factory  improvement  was  determined.  In  the 
original  state  of  the  complete  magnet, —after 
being  highly  magnetised,  and  carefully  put  up 
whilst  each  bar  was  defended  by  its  own  con¬ 
ductor,  and  these  separate  conductors  gradually 
displaced  by  sliding  on  the  large  conductor  of 
the  entire  instrument, — the  power  sustained  by 
it  was  gradually  increased  to  70  pounds  before 
the  conductor  was  pulled  off:  but,  on  a  second 
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trial,  the  lifting  power  was  found  to  have  fallen 
to  about  30  pounds.  Now,  however,  after  the 
change  in  its  degree  of  hardness,  it  was  found 
to  sustain  (under  the  great  disadvantage  of  an 
uneven  surface  where  the  conductor  was  applied) 
considerably  above  80  pounds;  and  after  the 
conductor  had  been  separated,  several  different 
times,  it  still  readily  sustained  80  pounds,  or 
upward ! 

Hence,  the  very  manifest  improvement  of  the 
instrument.  First,  a  considerable  increase  in 
its  sustaining  power  before  the  removal  of  the 
conductor;  and,  secondly,  an  improved  degree  of 
permanency  of  power,  such  as  that  indicated  by 
a  comparison  of  the  powers  in  the  two  different 
states,  when  once  the  conductor  had  been 
removed.  In  the  original  state,  the  sustaining 
power  fell,  on  the  removal  of  the  conductor,  from 
70  to  about  30  pounds;  in  the  improved  state, 
the  power  only  fell  from,  perhaps,  about  85  to 
80  pounds,  or  scarcely  so  much! 

Finally,  under  this  head  of  Investigations,  I 
may  mention  the  effect  of  hardening  on  the 
series  of  8*7  inch  plates  —  which  had  been 
subjected  to  such  a  variety  of  treatment  in  tem¬ 
pering — for  the  purpose  of  following  out  the 
inquiries  in  section  i.  of  this  series.  I  took  eight 
of  those  which  had  been  thoroughly  softened  in 
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the  fire  (p.  144),  and  annealed  them  at  a  bright 
red  heat,  in  cold  water.  They  were  found  to  be 
extremely  hard,  and  as  brittle  as  glass.  Their 
magnetic  capacity,  separately,  was  now  reduced 
from  a  deviating  power  (at  two  lengths  from 
the  compass)  of  near  10°,  in  their  original  state, 
at  a  spring  temper,  to  about  8°.  But  their 
power  in  combination  had  proportionally  in¬ 
creased—  the  eight  plates  now  exhibiting  a  power 
of  30°  30,  whereas  twenty-four  plates,  in  the 
original  state,  as  to  temper,  only  had  a  power 
of  28°  41s. 

In  the  diagram  No.  4,  the  powers  of  these 
eight  hard  plates  are  represented,  and  carried 
forward  by  the  continuance  of  the  curve,  to 
the  probable  result  of  the  whole  of  the  original 
series  of  twenty-four.  The  lowest  curve  in  the 
diagram  represents  (as  projected  in  like  man¬ 
ner)  the  powers  of  the  same  plates  when 
thoroughly  softened. 


RESULTS. 


Of  the  General  Results  of  the  foregoing  Investi¬ 
gations  on  the  powers  of  magnetised  steel  plates 
or  bars,  as  affected  by  differences  in  the  degree 
of  hardness ,  or  nature  of  temper, — I  proceed  to 
select  a  summary.  But  in  order  to  the  extension 
of  results,  having  a  most  important  bearing, 
practically,  on  one  of  the  leading  objects  of  this 
work — the  improvement  of  magnetical  appa¬ 
ratus —  I  shall  here  avail  myself  of  certain 
important  facts  (being  in  strict  conformity,  in 
analogy,  as  to  the  effects  of  temper)  elsewhere 
derived,  and  especially  of  those  elicited  by  the 
Investigations  in  Part  i.,  as  exhibited  to  the  eye 
in  the  diagram  in  Plate  n. 

1.  That  the  relative  powers  of  combinations  of 
magnetised  plates  or  bars  of  steel,  as  well  as 
those  of  single  pieces,  —  are  greatly  affected  by 
differences  in  the  state  of  the  steel,  both  as  to  its 
quality  and  as  to  its  temper. 

By  the  powers  of  magnets  is  to  be  understood,  not  the 
capacity  for  magnetism,  as  indicated  by  the  force 
required,  in  the  first  instance,  to  remove  the  conductor 
by  which,  during  the  magnetising  process,  the  magnetic 
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arrangement  had  been  sustained,  but  the  magnetic 
energy  which  remains  in  a  bar  when  detached  from  the 
conductor,  or  other  sustaining  magnets.  ' 

The  effects  of  the  quality  and  denomination  of  steel,  on  its 
magnetic  properties,  have,  to  a  certain  extent,  been  shewn 
in  Part  i.  chap,  vn.,  and  the  particular  cases  noticed  at 
pages  46  and  84. 

The  general  effect  of  quality  becomes  more  and  more 
important,  as  the  mass,  or  combination  employed,  is 
enlarged.  Hence,  inferior  qualities  of  steel,  however 
energetic  small  magnets,  constructed  out  of  them,  may 
appear,  are  incapable  of  very  extensive  combinations 
with  advantage,  or  of  being  usefully  employed,  as  mag¬ 
nets,  in  large  and  heavy  bars. 

Hardness  of  the  steel  operates  in  a  similar  manner  as 
quality  on  the  magnetic  properties  of  large  masses ;  so 
that  increase  of  hardness  greatly  improves  the  capacity 
for  sustaining  the  magnetical  arrangement  or  condition, 
where,  on  account  of  the  size,  the  tension  is  great. 

2.  That  various  degrees  of  hardness  have  an 
influence  on  the  magnetic  capacity  and  energy  of 
steel,  differing,  both  in  the  nature  and  quantity , 
or  proportion,  with  the  magnitude  of  the  masses 
employed;  so  that  that  kind  of  tempering,  or 
degree  of  hardness,  which  may  exhibit  supe¬ 
riority  with  a  certain  mass,  may  be  found  greatly 
inferior  in  other  magnitudes. 

This  result  will  be  very  apparent,  if  we  merely  inspect  the 
relation  of  the  curves  in  either  of  the  diagrams,  No.  1, 
or  No.  3.  The  first  diagram  shews,  very  strikingly, 
the  change  which  takes  place  in  the  relative  powers,  as 
to  directive  energy,  in  magnets  of  different  degrees  of 
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hardness.  Thus  comparing  the  effects  of  the  four  dis¬ 
tinctive  kinds  of  temper  there  indicated,  on  the  magnetic 
capabilities  of  very  thin  plates;  such  as,  for  instance, 
on  single  plates  of  6  inches  long,  and  of  the  weight  only 
of  100  grains, — we  find,  that  the  order  of  energy,  com¬ 
mencing  with  that  of  the  highest,  is  in  favour  of — 
1st.  Tempering  at  the  ends;  2d, tempering  throughout; 
3d,  being  left  soft;  and  4th,  being  made  quite  hard;  or, 
to  use  the  distinguishing  letters  there  employed,  in  the 
order  E.  T.  S.  H. — Comparing,  next,  the  powers  of 
plates  of  200  grains  weight,  the  order  is  found  to  he 
changed  to  T.  E.  H.  S. — Comparing  again  the  powers 
of  plates  of  300  grains,  we  have  the  order  T.  H.  E.  S. 
— And  comparing,  finally,  the  powers  of  the  same  sets 
of  bars  in  masses  of  400  grains,  we  have  the  order, 
never  afterwards  altered,  except  as  to  quantity,  or  pro¬ 
portions,  H.  T.  E.  S. 

Analogous  results,  as  to  the  respective  powers  of  cast 
steel  bars  or  plates  of  different  degrees  of  hardness,  are 
derived  from  the  inspection  of  diagrams  Nos.  3  and  4, 
and  also  from  the  experiments  with  busks  of  various 
degrees  of  hardness  described  in  section  n.  of  this 
chapter. — But  more  particular  reference  to  these  cases 
is  reserved  for  the  illustration  of  the  next  proposition 
in  these  Results. 

With  regard  to  the  proportions  of  the  magnetic  powers  of 
bars  of  cast  steel,  or  combinations  of  cast  steel  plates,  of 
different  degrees  of  hardness,  we  find  a  change  with 
every  alteration  in  the  masses  compared.  Thus,  with 
reference  to  the  comparative  powers  of  magnetised  steel 
bars,  as  exhibited  in  the  first  diagram,  we  find  the  ratio, 
unequated,  of  the  series  of  bars  No.  i.  (of  about  3000 
grains  weight)  to  be  100,  76*6,  58*3,  and  40*9,  in  the 
order  of  the  several  degrees  of  hardness  H.  T.  E.  S.; 
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whilst  the  ratio  of  the  corresponding  series  of  bars 
No.  ii.  (being  about  1400  grains  weight)  appears  to 
be — 100,  79,  67,  49;  and  the  ratio  of  series  No.  in. 
(of  about  700  grains) — 100,  87,  75,  56,  nearly. 

These  proportions,  as  well  as  the  places  in  the  line  of 
abscissae  at  which  the  different  curves  cross  each  other, 
are  only  proximate.  For  in  case  of  the  degree  of  hard¬ 
ness  of  any  of  the  sets  being  different,  some  alterations 
would  be  made  both  as  to  the  proportions  of  the  powers 
of  the  different  descriptions  of  bars,  and  as  to  the 
places  of  the  intersection  of  the  curves. 

3.  That  the  pre-eminence  of  partially  tempered 
or  slightly  hardened  straight-bar  magnets,  for  the 
magnetic  condition,  belongs  only  to  very  limited 
masses, — -whilst  in  fixidity,  or  permanency  of 
power,  the  softer  magnets  are  always  inferior. 

The  first  part  only  of  this  proposition  needs  to  be  illus¬ 
trated  here — the  second  belonging  more  particularly  to 
the  investigations  of  a  subsequent  chapter. 

It  has  just  been  shewn  that,  however  in  certain  small 
masses  a  moderate  degree  of  hardness  may  have  an 
advantage  in  the  first  instance,  as  to  magnetic  energy,— 
on  the  comparison  of  bars  of  six  inches  in  length,  and 
half  an  inch  in  breadth,  it  was  found,  that  this  occa¬ 
sional  pre-eminence  in  any  inferior  measure  of  hardness 
gives  place  to  the  condition  of  the  greatest  hardness, 
in  the  particular  case  investigated,  whenever  the  weight 
of  the  bar  (being  of  best  cast  steel)  exceeds  400  grains, 
or  the  thickness  one-fifteenth  of  an  inch. 

In  the  case  of  the  experiments  described  in  section  n. 
with  the  variously  tempered  busks  of  fifteen  inches  in 
length,  analogous  results  were  obtained. 
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Comparing  these  plates,  as  to  their  relative  magnetic 
powers,  singly ,  we  find  (table  at  page  155)  that  the 
most  energetic  were  those  of  a  spring  temper  through¬ 
out — Nos.  vi.  and  vn.;  next  in  energy  were  those 
in  the  soft,  or  “  raw  state,”  No.  i.;  and  the  feeblest 
were  the  very  hard  set,  No.  n.  But  when  three  of  each 
kind  were  combined  together,  the  hard  busks,  which, 
individually,  had  only  two-thirds  as  much  energy  as 
those  that  were  of  an  elastic  temper,  had  now  more 
than  three-fourths  of  the  power  of  these;  whilst  they 
had  already  advanced  beyond,  or  nearly  to  equality 
with,  several  of  the  other  kinds. 

Carrying  the  comparison  still  further,  which  other  experi¬ 
ments  not  herein  detailed  enable  me  to  do,  it  was  found 
that,  after  a  combination  of  about  eight  plates  only,  or 
a  total  thickness  of  cast  steel  of  about  the  fifth  of  an 
inch,  the  thoroughly  hard  busks  had  an  universal 
pre-eminence. 

In  the  comparison  of  bars  in  combination,  in  sets  of 
different  degrees  of  hardness — a  similar  limit  to  the 
superiority  of  those  moderately  hardened,  as  to  the  first 
energy  received,  was  experimentally  determined.  In 
the  case  of  the  two-feet  bars  described  at  page  101,  the 
powers  of  which  were  determined  in  three  states  of 
hardness — there  was  found  a  progressive  increase  in 
correspondence  with  the  increase  of  hardness;  and  in 
the  case  of  the  sets  of  13*8  inch  bars  and  of  those  of  the 
large  horse-shoe  magnet,  referred  to  in  the  last  section 
of  this  chapter, — each  bar,  separately,  gained  somewhat 
in  energy  by  being  hardened,  and  when  tried  in  com¬ 
bination  exhibited  a  large  accession  to  their  original 
power,  as  tempered  in  the  ordinary  manner. 

In  diagram  No.  2,  the  powers  of  perfectly  hard  plates 
of  cast  steel,  are  compared  with  those  tempered  like 
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cutlery  throughout.  At  the  12th  plate  the  inferiority  of 
the  hard  plates  disappears;  and  beyond  that  number 
they  assume  their  usual  pre-eminence  over  those  of  less 
hardness  when  in  similar  contact. 

4.  That,  in  combinations  to  a  small  extent  of 
magnetic  power,  a  moderate  degree  of  harden¬ 
ing  throughout  will  yield  effective  or  superior 
energy;  and  that  measure  of  energy  will,  under 
certain  conditions,  be  increased  by  slightly  heat¬ 
ing  or  reducing  the  middle  of  the  thoroughly 
tempered  plates. 

This  proposition,  as  to  the  first  part  of  it,  has  already  had 
abundant  verification.  The  second  part  of  it,  which  is 
analogous  to  a  conclusion  arrived  at  by  Captain  Kater, 
is  derived  from  the  experiments  detailed  in  the  first 
section  of  this  chapter,  where  the  measure  of  the 
apparent  reduction,  and  the  proportion  of  gain  in 
magnetical  capacity,  have  been  already  considered. 

The  advantage  yielded,  however,  by  this  slight  reduction 
in  hardness,  to  the  immediate  magnetic  energy  of  the 
particular  set  of  plates  referred  to  at  pages  134  to  138, 
was  found,  as  the  extent  of  combination  advanced,  to 
become  proportionally  less  and  less  considerable.  The 
case,  indeed,  as  determined  by  Captain  Kater,  was 
limited  to  that  of  thin  plates,  employed  separately  as 
compass  needles;  and  here  the  same  result  is  found  to 
be  correct  in  combinations  of  plates  to  a  very  consider¬ 
able  extent  in  number,  the  energy  being  but  moderate. 

This  circumstance,  as  has  been  shewn  in  the  text  of  the 
foregoing  chapter,  occasioned  me,  at  first,  much  em¬ 
barrassment,  as  being,  apparently,  at  variance  with 
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the  law  so  extensively  verified  respecting  the  general 
advantage  of  hardness  for  magnetic  power  in  large 
combinations  of  steel  plates  or  bars.  But,  after  a 
variety  of  investigations  for  the  solution  of  the  apparent 
discrepancy,  it  was  found  to  be  resolvable  into  the 
general  law,  the  difficulty  having  arisen  from  want  of 
regard  to  the  actual  weakness  of  the  combination. 
Though  the  plates  were  so  numerous  (being  twenty- 
four  in  number),  yet  they  were  so  little  energetic  in 
combination  that  the  whole  series  did  not  double  the 
power  of  the  first  two, — the  total  energy,  indeed,  not 
exceeding  what  might  be  obtained  in  a  single  hard 
plate  of  shear  steel,  or  tempered  plate  of  cast  steel  of, 
perhaps,  15U0  to  1800  grains  weight. 

Had,  therefore,  the  combination  been  carried  to  a  high 

• 

degree  of  energy,  it  is  obvious  that  the  powers  of  the 
harder  series  would  have  become  superior.  For  the 
harder  series  was  found  so  to  gain  upon  those  that  were 
reduced,  as  the  mass  increased,  that  it  would  have 
come,  no  doubt,  to  an  equality,  if  the  number  of  plates 
had  been  augmented  to  thirty-two,  and  beyond  that 
number  would  have  obtained  the  pre-eminence.  See 
diagram,  No.  4. 

5.  That  whilst  the  order  of  superiority  in 
magnetic  plates  or  bars  of  like  form  and  length, 
but  of  different  degrees  or  measures  of  hardness, 
varies,  within  certain  limits,  as  the  mass  is  dimi¬ 
nished  or  enlarged;  yet,  the  limits  of  the  degrees 
of  hardness  which  are  the  most  effective  for  all 
practical  uses ,  may  be  considered  as  comprised 
betwixt  a  brittle  hardness,  like  that  of  files,  and 
that  of  an  elastic  or  spring  temper. 
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The  relation  to  each  other  of  the  various  curves  in  dia¬ 
gram  No.  i.  (plate  11),  as  they  appear  near  their 
commencement,  may  be  appealed  to  as  sufficient  to 
support  the  truth  of  this  statement  as  a  general  prac¬ 
tical  proposition.  For  herein  it  plainly  appears,  that, 
as  to  all  essential  or  material  advantages,  in  any  parti¬ 
cular  kind  of  tempering  or  degree  of  hardness — the 
choice  mainly  rests  between  the  degrees  of  hardness 
indicated  by  the  curves  T  and  H,  or  the  intermediate 
modifications. 

As  to  the  case  of  plates  or  bars  perfectly  soft  (S),  we  find 
that  this  condition  is  unequivocally  inferior;  and  as  to 
the  case  of  plates  or  bars  tempered  only  at  the  ends  (E), 
that  the  superiority  in  very  thin  plates  which,  within 
small  limits  as  to  mass,  it  appears  to  possess,  is  only  to 
a  trifling  extent; — so  trifling  indeed,  as,  when  taken 
in  connexion  with  its  disadvantage  from  the  want  of 
fixidity,  wholly  to  set  aside  this  mode  of  tempering, 
so  generally  adopted  in  the  construction  of  compass 
needles  and  other  magnetical  instruments,  as  unscien¬ 
tific  and  bad. 

6.  That  the  sustaining  property  of  hardness, 
on  the  magnetic  arrangement,  is  such,  as  to 
render  a  considerable  extent  of  hardness  gene¬ 
rally  advantageous,  for  magnetical  apparatus; 
whilst  in  very  large  combinations  of  straight-bar 
magnets,  or  very  heavy  bars,  the  greater  the 
hardness  the  more  powerful  will  be  the  magnet. 

For  particular  purposes,  where  a  light  needle,  or  plate, 
may  be  required — a  considerable  reduction  of  the  ulti¬ 
mate  hardness  of  which  cast  steel  is  capable,  will  be 
advantageous  to  its  primary  energy,  and  general  utility, 
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though  the  fixidity  be  not  so  great.  And  in  magnets 
of  the  horse-shoe  form,  a  reduction  of  extreme  hardness 
is  generally  beneficial.  But  in  all  larger  masses,  in 
straight-bar  magnets,  a  temper  approaching  to  extreme 
hardness,  becomes  in  every  way  the  most  advantageous 
condition. 

Hence,  whatever  may  be  the  advantage  to  the  individual 
magnetic  capacity  of  thin  steel  plates,  by  a  reduction 
of  hardness;  the  superior  strength  or  retentiveness  of 
hard  plates,  eventually  causes  them  greatly  to  exceed 
in  power,  under  energetic  combinations,  those  of  any 
other  kind  of  temper. 

In  the  case  of  the  fifteen -inch  plates,  or  busks,  very 
numerously  combined,  we  find  that,  compared  sepa¬ 
rately,  the  very  hard  plates  had  scarcely  two-thirds  of 
the  power  of  those  of  an  elastic  temper;  but  when 
combined  to  the  extent  of  102,  the  hard  plates  exhibited 
a  degree  of  energy,  probably  six  or  eight  times  as 
great  as  that  of  which  similar  plates  would  be  suscep¬ 
tible  of  a  spring  temper. — See  diagram  No.  3. 

7.  That  the  most  favourable  conditions  for  the 
construction  of  magnetic  apparatus,  by  the  com¬ 
bination  of  several  bars  or  plates,  require  simi¬ 
larity  of  quality  and  denomination  in  the  steel, 
a  reasonable  correspondence  in  the  magnitude 
or  mass  of  the  individual  plates  or  bars,  and 
similarity  of  temper  or  hardness. 

The  first  and  last  of  these  requisites  for  making  the  best 
use  of  any  series  of  bars  or  plates  in  combination,  are 
proved  to  be  essential  by  simple  inference  from  the 
general  results  of  investigations  already  given,  whilst 
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the  processes  described  for  testing  the  quality  and 
hardness  enable  us  very  easily  to  make  the  proper 
selections. 

The  practical  methods,  in  detail,  however,  will  remain  to 
be  described  in  a  subsequent  part  of  this  work. 

The  desirableness  of  the  second  condition,  that  of  corre¬ 
spondency  of  mass  in  the  plates  or  bars  combined,  may 
not  appear  to  have  been  yet  determined;  though  when  we 
consider  the  impracticability  of  giving  equal  degrees  of 
hardness  to  thick  and  thin  bars,  and  of  equally  develop¬ 
ing  the  magnetic  energy  in  thick  masses,  as  we  can  in 
thin  plates,  the  requirement  may  be  seen  to  be  one  of 
considerable  importance. 

The  above  Results,  it  should  be  observed, 
relate,  essentially,  to  one  particular  denomina¬ 
tion  of  steel— that  of  cast  steel — the  relative 
properties  of  this  and  various  other  denomina¬ 
tions  of  steel  (both  in  single  bars,  and  in  various 
combinations,  as  well  as  differences  of  temper), 
forming  the  subjects  of  investigation  in  the  next 
succeeding  chapters.  It  should  be  further  borne 
in  mind,  that  the  comparative  powers,  herein 
treated  of,  likewise  relate,  not  to  all  the  possible 
changes  producible  by  every  variety  of  hardness 
of  which  steel  is  susceptible,  but,  only  to  such 
general  divisions  or  species  of  hardness  as  have 
heretofore  been  designated  by  the  characteristic 
letters  S.  E.  T.  H. 


CHAPTER  IV. 

ON  THE  RELATIVE  POWERS  IN  COMBINATION,  AND  SEPA¬ 
RATELY,  OF  HARD  PLATES  OR  BARS  OF  STEEL  OF 
DIFFERENT  DENOMINATIONS  AND  QUALITIES. 


That  a  striking  relation  exists  betwixt  the  quality 
of  steel,  and  its  magnetical  properties,  has  been 
shewn,  I  trust  I  may  say,  demonstrated,  in 
chapters  vn.  and  viii.  of  the  first  part  of  this 
work.  On  the  other  hand  it  has  been  shewn, 
that  certain  differences,  probably  characteristic, 
occur  in  the  magnetical  powers  of  steel  of  dif¬ 
ferent  denominations — such  as  “ca'st,”  “shear,” 
“double  shear,”  “blister  steel,”  etc.,  as  the 
several  kinds  are  designated  with  reference  to 
the  manner  in  which  the  metal  is  treated  after 
being  “converted” — though  the  several  varieties 
of  steel,  as  to  their  denomination  in  commerce, 
may  have  been  converted  out  of  the  same  quality 
of  iron. 

The  experiments,  however,  heretofore  re- 
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corded  on  both  these  important  points,  were  of 
too  limited  a  nature  to  be  quite  conclusive  for  the 
solution  of  the  important  problem, — as  to  the 
best  quality  or  kind  of  steel  for  all  magnetical 
purposes,  or,  rather,  for  each  magnetical  pur¬ 
pose  specially.  For  whilst  the  fact  was  suffici¬ 
ently  clear,  that  the  best  qualities  of  steel  have 
the  highest  magnetical  powers,  and,  that,  for 
certain  magnetical  purposes,  and  powerful  mag¬ 
netical  combinations,  the  best  cast  steel  exhibits 
a  decided  superiority, — it  by  no  means  followed, 
that  cast  steel  as  to  denomination  (not  quality), 
would  maintain  that  relative  superiority,  in  all 
the  different  forms,  and  masses,  and  degrees  of 
hardness  in  which  the  bars  or  plates  of  magnet¬ 
ical  apparatus  might  require  to  be  constructed. 
Nor  did  it  necessarily  follow  that  the  results 
obtained  with  thick  bars,  (Part  i.  chap,  vii.) — 
because  of  the  difficulty  of  hardening  and  mag¬ 
netising  them  throughout  their  mass — would,  in 
all  cases,  be  found,  especially  in  proportion  of 
magnetical  energy,  correspondent  with  results 
obtained  by  combinations  of  thin  plates. 

Hence,  I  thought  it  needful  to  institute  the 
additional  series  of  experiments  of  the  class 
indicated  in  the  title  of  this  and  following  chap¬ 
ters.  And  the  importance  and  satisfactoriness 
of  the  results  amply  fulfilled  the  anticipations  I 
had  entertained. 


RELATIVE  POWERS 


187 


In  the  series  of  experiments  embraced  in  this 
chapter  (with  the  view  of  special  application  to 
the  case  of  compass  needles  of  larger  dimensions 
than  6  inches)  I  adopted  generally  the  length  of 
1' 5  inches,  for  the  steel  plates,  with  the  breadth 
of  0*75  inch,  and  a  thickness,  for  the  most  part, 
of  about  0*08  inch. 

The  thickness,  however,  in  the  several  series’ 
designed  to  be  similar,  was  found,  from  circum¬ 
stances  which  I  could  not  easily  control,  to  vary 
sometimes  more  than  I  could  have  desired. 

One  general  method  of  hardening  was  adopted 
in  the  whole  of  the  plates  referred  to  in  this 
chapter;  and  all  the  plates,  but  one  set,  passed, 
in  their  corresponding  stages  of  rolling,  forging, 
grinding,  and  hardening,  through  the  hands,  I 
believe,  of  the  same  artizans.  The  mode  of 
hardening  adopted,  was  by  plunging  the  plates, 
when  at  a  bright  red  heat,  into  a  strong  brine. 
The  hardness  thus  yielded  was  equivalent  to 
that  of  files,  and  was  not  allowed  in  any  way  to 
be  reduced,  until  the  whole  of  the  experiments 
described  in  this  chapter  had  been  completed. 

For  the  facility  of  reference  and  discrimination 
of  the  several  denominations,  qualities,  and  de¬ 
grees  of  hardness  of  the  steel,  etc.  employed  in 
the  investigations  comprised  in  this  and  the 
succeeding  chapters,  the  following  series  of 
characteristic  letters  have  been  adopted. 
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Characteristic  letters  of  Denominations  of  steel 
and  iron;  the  best  qualities,  referred  to  indefinitely, 
being  indicated  by  the  letters  in  italic  capitals. 

C.  Cast  Steel. 

S.  Double  Shear  Steel. 

B.  Blister  Steel. 

CL.  Cast  Steel  known  to  be  from  hoop-L  iron. 

CS.  Stubs’  Cast  Steel. 

SS.  Stubs’  Double  Shear  Steel. 

I.  Iron. 

Cl.  Cast  Iron. 

M.  Steel  used  at  the  Mint. 

Characteristic  letters  of  the  Qualities  of  steel 
in  small  (or  lower-case)  italics. 

/.  Steel  from  a  Foreign  Iron,  not  being  of  the  very  best, 
but  of  a  good  quality. 

fc .  Steel  from  a  common  kind  of  Foreign  Iron. 
e.  Steel  from  undescribed  kind  of  English  Iron. 
b.  Steel  from  best  Bradford  Iron. 

Characteristic  letters,  in  Roman  capitals,  as 
partly  employed  in  the  diagram,  Plate  n.,  etc., 
indicative  of  the  temper,  or  degrees  of  hardness. 
H.  Quite  hard;  hardened  the  same  way,  and  to  the 
same  extent,  as  files  usually  are. 

T.  Tempered  by  being  reduced  to  a  blue,  or  spring 
temper,  equably  throughout. 

E.  Tempered  at  a  blue,  but  only  at  the  ends  of  the  bars, 
the  intermediate  portions  being  soft. 

S.  Soft;  just  as  received  from  the  rolling-mill  or  forge. 
HT.  Intermediate,  betwixt  hard  and  tempered. 

TS:  Intermediate,  betwixt  tempered  and  soft. 

AB.  Annealed  in  boiling  linseed  oil. 

A.  Annealed  in  hot  oil  at  some  specified  temperature. 
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Sect.  I.  —  Of  the  Magnetical  Powers ,  in  com¬ 
bination,  of  Steel  Plates  (7'5  inches  in  length), 

of  DIFFERENT  DENOMINATIONS,  but  of  TIIE 

SAME  ORIGINAL  QUALITY  of  iron. 

Steel  of  the  several  denominations  of  “  cast,” 
“shear,”  and  “  blister,”  constituted  the  chief 
varieties  in  the  investigations  of  this  section, — 
the  specimens  for  which  were  kindly  furnished 
me,  for  the  most  part,  by  Messrs.  Stubs,  of 
Warrington,  whose  tools  and  files  have  obtained 
such  just  celebrity. 

1.  Experiments  with  steel  of  different  denomi¬ 
nations,  converted  out  of  a  peculiar  steel  (CS) 
used  by  the  Messrs.  Stubs  in  the  manufacture 
of  files,  etc.  The  basis  of  this  steel  is  all  foreign 
iron,  smelted  with  wood-charcoal,  of  the  first 
qualities. 

In  each  case  the  plates  were  similarly  mag¬ 
netized  by  the  process  K  S,  upon  the  large  com¬ 
pound  magnets  of  192  hard  plates.  The  two- 
feet  hard  bars  were  generally  found  adequate  for 
the  development  of  the  highest  magnetic  con¬ 
dition  of  which  the  plates  were  susceptible;  but 
to  secure  the  maximum  energy,  without  chance 
of  failure,  the  more  powerful  magnets  were  pre¬ 
ferred.  The  deviations  produced  by  the  plates, 
or  combinations  of  plates,  were  all  determined 
on  the  trial- board,  and  at  the  distance  of  15 
inches,  or  two  lengths  from  the  compass. 
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Nn.  of  the 

Maximum 

Power  in  Combination. 

Power  after 

Plates. 

Power 

Separately. 

Deviation. 

Tangent. 

Combination. 

i. 

ii. 

hi. 

IV. 

V. 

I. —  Cast  Steel :  Average  Weight,  986  grains. 

[Tested  under  a  Combination  of  36  Plates,  or  Deviating 

Power  of  71°  47'.] 

C.  H.  1 

23*0 

23-0 

424 

O 

14-6 

2 

18-52 

33-32 

663 

11-0 

3 

18*42 

41-9 

874 

11-24 

4 

21-24 

47*30 

1091 

14-0 

5 

19*20 

51*15 

1246 

-9*0 

6 

20*40 

53*44 

1364 

13*6 

Mean 

20-20 

•  •  • 

371 

12*6 

II. — Double  Shear: 

Average  Weight,  890 

grains. 

[Tested  under  a  Deviating  Power  of  71°  47'.] 

S.  H.  1 

23*40 

23-40 

438 

3-45 

2 

23-37 

35-20 

709 

4-27 

3 

23-30 

41-27 

883 

4*45 

4 

21*15 

44-25 

980 

6-27 

5 

21-45 

47*20 

1085 

5-26 

6* 

22-45 

49*0 

1150 

5*0 

Mean 

22*45 

•  •  • 

419 

4-58 

III. — Double  Shear. 

Average  Weight,  630  grains. 

[Tested  under  a  Combination  of  28  Plates,  or  Deviating 

Power  of  54°  40'.] 

S.  H.  1 

17*0 

17-0 

306 

4-15 

2 

16-40 

25-0 

466 

2-28 

3 

16-30 

29-28 

565 

11-6 

4 

16-45 

31-45 

619 

5-42 

5 

16-0 

33*46 

669 

9  32 

6 

16*53 

35-15 

707 

6-32 

Mean 

16-38 

•  •  • 

299 

6*36 

*  This  is  an  assumed  Plate  to  make  up  the  Series,  five 
Plates  of  this  kind  only  being  obtained. 
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No.  of  the 
Plates. 

Maximum 

Power 

Separately. 

Power  in  Combination. 

Power  after 
Combination. 

Deviation. 

Tangent. 

i. 

ii. 

ni. 

IV. 

V. 

IV.- 

—Rolled  Cast  Steel:  Weight,  590  grains. 

[Tested  under  Deviating  Power  of  54° 

• 

V 

O 

C.  H.  1 

11-12 

11-12 

198 

7*2 

2 

12-0 

19-54 

362 

6-54 

3 

11-45 

26-52 

507 

6*0 

4 

12-0 

32-40 

641 

7-16 

5 

12-30 

36-0 

727 

8-18 

6 

12-35 

39-0 

810 

8*42 

7 

15-0 

41-10 

874 

8-8 

8 

14*40 

44-0 

966 

9-3 

9 

15-46 

46*0 

1036 

8-44 

10 

15-22 

47*0 

1072 

8-40 

Mean 

13-17 

•  •  • 

236 

7*53 

The  “double  shear  steel"  of  series  hi.  was 
supposed,  by  the  persons  by  whom  supplied,  not 
to  be  highly  carbonized.  It  had  been  prepared 
specially  for  making  springs ,  rolled  into  sheets, 
and  well  hammered,  when  cold,  before  being 
hardened. 

The  “rolled  cast  steel,"  series  iv.,  had  been 
prepared  for  saw-blades ,  and  was  of  a  descrip¬ 
tion  denominated  “  very  mild. 

For  the  correct  comparison  of  the  powers  of 
these  four  descriptions  of  steel,  an  allowance, 
it  will  be  observed,  requires  to  be  made  for  the 
differences  in  weight  of  the  respective  series. 
This  may  be  effected,  proximately,  by  the  use  of 
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the  diagram,  Plate  n. ,  wherein  the  powers  of 
plates  of  7*5  inches  will  be  represented  by  those 
plates  of  6  inches,  by  taking  the  former  in  the 
ratio  of  the  cubes  of  their  lengths,  viz.  as  7*53: 
6*03,  or  as  421  *875  to  216,  or  sufficiently  near 
at  one-half  of  their  weights. 

A  correction  for  the  difference  of  hardness  is 
likewise  requisite:  for  it  may  be  perceived,  by 
comparing  the  loss  of  power  produced  in  series 
No.  i.  by  the  combination  of  36  plates,  having 
a  deviating  power  altogether  of  71°  47',  with  the 
loss  sustained  by  series  No.  n.,  under  the  same 
severity  of  testing,  that  the  double-shear  steel 
was  reduced  greatly  below  the  cast  steel,  indi¬ 
cating  a  much  less  degree  of  hardness.  The 
loss  of  power  in  the  shear  steel  plates,  by  the 
severity  of  the  test  to  which  they  were  subjected, 
was,  on  average,  nearly  80  per  cent.;  whilst  the 
loss  sustained  by  the  cast  steel,  under  the  same 
severity  of  trial,  was  only  about  42  per  cent. 
Hence  the  correction  for  weight ,  to  be  added  to 
the  mean  powers  of  the  plates  of  set  No.  ti., 
separately,  for  a  proper  comparison  with  those 
of  No.  i.,  would,  in  due  respect  of  hardness,  be 
according  to  the  ratio  of  a  curve  below  that  of 
H,  in  the  diagram,  and  probably  above  that 
marked  T.  The  augmentation  betwixt  ^-°,  the 
weight  of  plates  of  series  No.  ii.  and  9f,  that  of 
No.  i.,  would  in  this  case  amount  to  10  on  the 
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line  of  tangents,  which  being  added  to  419,  the 
tangent  of  22°  45',  or  the  mean  maximum  power 
of  the  plates  of  series  No.  n.  separately,  would 
give  429,  equivalent  to  a  deviation  of  23°  13'. 

If  to  the  two  series,  Nos.  hi.  and  iv.,  the 
correction  for  deficiency  of  weight  were  applied, 
with  a  due  regard  to  their  respective  curves  for 
hardness,  about  80  would  have  to  be  added  to 
the  tangent  of  16°  38'  of  No.  hi.,  and  about  100 
to  that  of  tangent  13°  17'  of  No.  iv., — giving  to 
No.  in.,  on  a  mean  of  the  maximum  powers  of 
the  several  plates  of  the  series  raised  to  a  corre¬ 
spondence  with  the  weight  of  No.  i.,  a  deviation 
of  20°  46',  and  to  No.  iv.,  of  about  18°  35  . 

The  numbers,  however,  thus  obtained  are,  at 
the  best,  but  proximate;  and  where  such  a  variety 
of  circumstances  affect  the  general  results,  these, 
within  certain  limits,  must  be  uncertain.  At 
the  same  time,  some  very  important  practical 
facts  are  abundantly  developed  ;  but  as  these 
will  be  rendered  more  conclusive  and  satisfactory 
by  the  experiments  yet  to  be  described,  they 
may  be  with  advantage  reserved  for  the  sum¬ 
mary  of  propositions  after  our  usual  manner, 
under  the  title  of  “  Results.” 

A  deduction  or  two,  however,  of  some  import¬ 
ance  in  the  manufactures  out  of  steel,  as  well 
as  in  practical  magnetics,  may  be  now  noticed. 
Comparing  the  power  and  retentiveness  of  the 
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plates  used  in  series  No.  i.,  with  those  of  No.  n., 
we  find,  by  the  much  less  retentiveness  of  the 
latter,  (col.  v.)  that  the  hardening  of  different 
denominations  of  steel  in  the  same  way,  and  at  the 
same  heat,  produces  very  different  effects,  as  to 
the  degree  of  hardness.  Thus  the  process  which 
yields  to  best  cast  steel  the  highest  degree  of 
hardness,  H  ;  yields  to  double  shear  steel  of 
similar  quality,  a  hardness  but  little  superior, 
apparently,  to  that  marked  T.  The  difference,  it 
would  appear,  mainly  arises  from  something  in 
the  structure  of  the  metal,— the  mode  of  manu¬ 
facture  producing  a  peculiarity  in  the  arrange¬ 
ment  of  the  ferruginous  particles,  so  as  to  modify 
their  respective  susceptibilities  for  hardness. 

Another  deduction,  from  a  comparison  of  the 
corrected  powers  of  the  series  hi.,  of  shear  steel, 
with  those  of  the  similar  denomination,  No.  n. ; 
as  also  from  a  comparison  of  the  cast-steel.  No.  iv. 
with  No.  i.,  is  of  some  importance  for  the  further 
verification  of  the  principle  of  testing.  Thus,  we 
find,  the  mean  powers  of  the  plates  of  each  of 
the  four  series,  when  corrected  for  weight  and 
hardness,  to  be — No.  i.  (cast-steel)  20°  20',  and 
No.  iv.  (cast-steel)  18°  35';  No.  n.  (shear-steel) 
23°  13',  and  No.  in.  (shear-steel)  20°  46'— shew¬ 
ing  an  inferiority,  in  magnetical  qualities,  of 
the  series  hi.  and  iv.  Now  such  inferiority 
was  fully  anticipated  from  the  knowledge  of  the 


RELATIVE  POWERS. 


195 


fact  of  their  being  in  an  inferior  degree  carbon¬ 
ized — a  condition  designedly  given,  because  of 
the  toughness  required  in  the  peculiar  purposes 
for  which  these  two  steels  were  designed — viz. 
for  springs  and  seizes. 


2.  Experiments  with  steel  of  different  deno¬ 
minations ,  converted  out  of  best  Swedish  iron , 
marked  hoop-L. 


No.  of  the 
Plates. 

Maximum 

Power 

Separately. 

Power  in  Combination. 

Power  after 
Combination. 

Deviation. 

Tangent. 

I. 

ii. 

in. 

IV. 

V. 

V. — Cast  Steel:  Average  Wei; 

glit,  952  grains. 

[Tested  under  a  Deviating  Power  of  71° 

<1 

• 

i _ i 

CL.ll.  1 

0  ' 

20*33 

O  9 

20*33 

375 

O  9 

13-15 

2 

19*18 

33-48 

669 

11-45 

3 

19-30 

42-18 

910 

12*0 

4 

20-40 

48*45 

1140 

13*10 

5 

20*37 

52-44 

1314 

13*12 

G 

22-2 

55*30 

1455 

13*13 

Mean 

20-27 

•  •  • 

373 

12-46 

VI. — Cast  Steel:  (2nd 

Series  of  the  above)  952  grains. 

CL,  H.  7 

19*0 

19-0 

344 

11-28 

8 

19*36 

32*35 

639 

11-30 

9 

19*45 

41-33 

886 

12-57 

10 

19*30 

4722 

1086 

12-22 

11 

20-15 

51-35 

1261 

12-37 

12 

19-30 

54-20 

1393 

12-22 

Mean 

19-36 

"  \ 

•  •  • 

356 

12-13 
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No.  of  the 
Plates. 

Maximum 

Power  in  Combination. 

Powpr  aftpr 

Power 

Separately. 

Deviation. 

Tangent. 

Combination. 

i. 

XI. 

hi. 

IV. 

V. 

VII.—  Blister  Steel:  Average  Weight,  982  grains. 
[Tested  under  a  Power  of  51°  23']. 

B.  H.  1 

22*0 

22*0 

404 

14*46 

2 

22*50 

35-6 

703 

15*54 

3 

21*7 

41*17 

878 

14*2 

4 

21  4 

45*27 

1016 

14*58 

5 

23*4 

49*7 

1155 

17*30 

6 

22*34 

51*23 

1252 

17*0 

Mean 

22*6 

•  •  • 

406 

15*37 

The  power,  after  combination,  in  this  last 
series,  No.  vn.,  being  determined  under  the 
tension  only  of  six  plates,  or  a  deviating  power 
of  51°  23',  whereas  the  series  Nos.  v.  and  vi. 
were  tested  under  a  deviating  power  of  71°  47  ; 
the  last  column  of  No.  vn.,  compared  propor¬ 
tionally  with  the  former,  will  be  too  high.  But 
the  means  of  a  more  correct  comparison  is  given 
in  a  subsequent  summary  or  abstract  of  these 
experiments,  aided  by  the  application  of  an 
uniform  test. 

Sect.  II .—  Of  the  Magnetical  Powers ,  in  com¬ 
bination  and  separately ,  of  Steel  Plates  (7m5 
inches  in  length),  of  similar  denomination, 
hut  of  different  qualities  of  the  original  iron. 

By  this  series  of  experiments,  was  intended 
to  be  compared,  the  respective  capabilities  for 
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the  magnetic  condition,  in  various  measures  of 
combination,  of  steel  of  known  but  different 
qualities,  in  respect  of  the  iron  out  of  which  it 
had  been  made. 

The  magnetical  capabilities  of  cast  steel  from 
Swedish  iron,  marked  hoop- L,  and  also  of  the 
peculiar  cast  steel  from  best  qualities  of  foreign 
iron,  being  given  in  the  last  section,  the  results 
with  the  additional  kinds  examined,  require 
only  to  be  here  stated. 


No.  of  the 

Maximum 

Power  in  Combination. 

Power  after 

Plates. 

Power 

Separately- 

Deviation. 

Tangent. 

Combination. 

i. 

ii. 

V. 

IV. 

V. 

VIII. — Cast  Steel  from  best  Bradford  Iron : 

Weight,  979  grains. 

Average 

[Tested  under  a  Deviating  Power  of  49° 

45]. 

Cb.  H.  1 

28*8 

28-8 

535 

16-30 

O 

aJ 

27*55 

38*45 

803 

16-10 

3 

27*25 

43-5 

935 

13-35 

4 

27-12 

45*10 

1006 

1445 

5 

27*22 

47-0 

1072 

13-5 

6 

26-43 

48-40 

1137 

15-35 

Mean 

27*49 

• 

•  •  • 

520 

14-57 

IX. — The  above  re-hardened:  the  Numbers  not 
correspondent  in  each  Series. 

[Tested  under  a  Deviating  Power  of  50°  O'J. 

C6.H.  1 

26-53 

26-53 

507 

15*5 

2 

27-52 

38-55 

807 

16-32 

3 

28*5 

43*8 

937 

16-16 

4 

27-55 

46-3 

1037 

13-52 

5 

27-40 

48-0 

1111 

16-0 

6 

28-30 

50-0 

1192 

17*52 

Mean 

27*49 

»ii 

526 

15-56 
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• 

No.  of  the 

Maximum 

Power  in  Combination. 

Power  after 

Plates. 

Power 

Separately. 

Deviation. 

Tangent. 

Combination. 

i. 

ii. 

hi. 

IV. 

V. 

x.~ 

-Cast  Steel  from  commonest  Foreign 
Average  Weight,  943  grains. 

Iron : 

[Tested  at  a  Deviating  Power  of  50°  O'J. 

Cc/.H.  1 

23*0 

23*0 

424 

a 

8*10 

2 

18*55 

25*10 

470 

—  2*20 

3 

25*28 

31*0 

601 

+  18*0 

4 

25*12 

34*30 

687 

16*35 

5 

17*12 

32*0 

625 

-  6*30 

6 

25*30 

37*15 

760 

+  14*45 

Mean 

22*33 

*  •  » 

415 

8-7 

XI. — The  above  re-hardened:  the  Numbers  in  each 
Series  not  certainly  correspondent. 

[Tested  as  the  preceding]. 

Ccf.  H.  1 

17*10 

17-10 

309 

—  4*0 

2 

20*32 

20*30 

374 

4-9*30 

3 

16*58 

22*2 

405 

—  1*20 

4 

18*55 

25*0 

466 

4-3*28 

5 

20*25 

26*50 

506 

9*10 

6 

19*12 

28*42 

547 

6*  25 

Mean 

18*52 

•  •  • 

342 

3*52 

XII. — Cast  Steel  from  a  good  quality  of  For 

eign  Iron, 

but  not  the  best:  Weight,  1027  grains. 

[Tested  as  the  preceding]. 

Cf.  H.  1 

16*30 

16*30 

296 

11*38 

2 

18*43 

29  *5 

556 

14*52 

3 

19*37 

38*10 

786 

16*35 

4 

17*34 

43*6 

936 

12*58 

5 

17*30 

47.18 

1083 

13*0 

6 

16*38 

49*37 

1176 

11*46 

Mean 

17-45 

•  •  • 

320 

•v 

13*28 
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With  these  several  series  of  cast-steel  plates, 
converted  out  of  three  different  qualities  of  iron, 
are  to  be  associated  the  series  Nos.  i.,  iv.,  v., 
and  vi.  of  the  foregoing  section.  The  compa¬ 
rative  magnetical  qualities,  separately  and  in 
combination,  are  referred  to  in  the  General 
Results;  but  it  will  scarcely  escape  observation, 
on  the  most  hasty  glance  over  the  tables,  what  a 
remarkable  superiority  of  magnetic  capacity,  in 

the  separate  plates,  is  exhibited  in  the  steel  from 

» 

Bradford  iron.  In  plates  or  bars  of  the  particular 
dimensions  here  made  use  of — the  steel  from 
Bradford  iron  appears  to  be  decidedly  the  best, 
for  single  plate  magnets,  which  I  have  tried. 
But  this  superiority,  as  shewn  by  the  result 
of  combination,  is  evidently  to  be  ascribed  in 
considerable  degree,  though  not  entirely,  to  the 
insusceptibility  of  this  steel  for  the  extreme 
hardness  of  cast  steel  from  the  best  qualities  of 
foreign  iron.  The  hardness,  indeed,  approxi¬ 
mates  that  of  shear  steel  from  hoop- L  iron.  Still 
the  capability  of  combining  advantageously  to 
a  considerable  extent  constitutes  a  satisfactory 
quality  in  this  steel — though  inferior  to  that  of 
the  best  description  of  cast  steel. 

The  series  x.  and  xi.,  representing  the  powers 
of  steel  plates  from  commonest  foreign  iron, 
are  very  unsatisfactory;  the  degree  of  hardness 
of  the  different  plates  being  found  to  be  most 
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unequal.  The  re-hardening,  it  will  be  seen, 
injured,  rather  than  improved,  the  original 
condition.  This  uncertainty  of  character,  how¬ 
ever,  is  not  unimportant  to  have  been  deter¬ 
mined.  The  determination  of  the  powers  in 
combination,  in  this  case,  is  not  at  all  satis¬ 
factory  ;  because  of  the  neutralizing  influence  of 
certain  plates  (Nos.  2  and  5  in  series  x.,  and 
1  and  3  in  series  xi.),  the  effect  of  which  was  to 
diminish  the  power  of  the  mass  to  a  considerable, 
but  an  uncertain,  extent. 

A  general  notion  of  the  comparative  powers 
in  combination  of  these  twelve  series  may  be 
obtained,  by  casting  the  eye  in  succession  over 
the  different  tables.  For  a  satisfactory  com¬ 
parison,  however,  of  the  magnetical  qualities  of 
the  more  characteristic  kinds  of  steel,  I  have 
thrown  into  the  form  of  a  diagram  (No.  5)  the 
powers  of  the  series  No.  n.,  double  shear  steel; 
v.,  cast  steel  (hoop-L);  vn.,  blister  steel;  and 
viii.,  cast  steel  from  Bradford  iron.  So  distinctly 
are  the  relative  magnetical  properties  of  these 
four  kinds  of  steel  here  exhibited,  in  all  the 
varieties  of  combination  up  to  six  plates  of  each 
kind,  and  an  aggregate  mass,  in  each,  of  near 
6000  grains  weight,  as  to  characterize,  I  con¬ 
ceive,  this  method  of  determining  and  repre¬ 
senting  such  varied  powers  as  being  at  once 
elegant  and  conclusive. 
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Before,  however,  we  can  be  prepared  to  draw 
general  conclusions,  as  to  the  relative  mag- 
netical  qualities,  or  degree  of  superiority  of  any 
of  the  various  kinds  of  steel,  under  the  different 
changes  of  condition  which  influence  the  results, 
two  other  elements  in  the  investigation  are 
necessary:  viz.  the  effects  of  alterations  in  the 
thickness ,  or  mass  of  the  steel  plates;  and  of 
annealing ,  or  reducing  the  extreme  hardness  in 
the  plates,  whose  magnetical  properties  have 
been  given  in  this  chapter. 

The  investigation  of  the  effects  of  these  two 
conditions,  for  certain  practical  objects  of  much 
importance,  will  now  be  described;  postponing 
the  propositional  deductions  to  the  end  of  a 
subsequent  chapter,  in  order  to  embrace  all  the 
circumstances  which  seem  to  affect  the  General 
Results. 


i 


CHAPTER  V. 


OF  THE  MAGNETICAL  POWERS  OF  STEEL  PLATES  OF  DIF¬ 
FERENT  MASSES,  DENOMINATIONS,  AND  QUALITIES,  AND 
MEASURES  OFCOMBIN  AT  I  ON,  PREPARED  FOR  THE  NEEDLES 

OF  SEA-COMPASSES -  WITH  THE  EFFECT  OF  SPACING 

THE  PLATES. 


The  Investigations  of  this  chapter  are  in  many 
respects  common  to  others,  which  have  already 
been  described.  Herein,  however,  a  further, 
and  very  important  object  was  contemplated; — 1 
the  extension  of  facts  bearing  on  the  general 
inquiry  of  this  part  of  the  work,  and  icith  direct 
reference  to  the  improvement  of  sea- comp  asses. 
Thus  the  object  becomes  quite  specific.  This 
object  may  be  thus  more  particularly  stated:  — 
the  determination  of  the  best  quality  and  denomi¬ 
nation ,  and  degree  of  hardness  of  steel ,  for  each 
of  the  different  limited  masses  or  combinations 
requisite  to  be  employed  in  the  construction  of  the 
directing  magnets  for  sea-compasses . 

About  30  sets  of  steel  plates  were  employed 
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in  these  investigations,  comprising  from  4  to  24 
in  each  set;  and  a  total  number  of  near  300. 
They  were  of  but  two  different  lengths,  6  inches 
and  7*5  inches.  Their  breadths  were  from  0*42 
inch  to  0*75  inch.  The  weights  of  the  6  inch 
plates,  corresponding  very  nearly  in  each  set, 
varied  from  about  100  to  240  grains;  and  of  the 
7*5  inch  plates,  from  about  230  to  430  grains. 
All  but  two  or  three  sets  were  pierced  with  four 
small  holes,  for  the  convenience  of  combination 
as  compass  needles. 

The  degree  of  hardness  comprised  three 
general  kinds,  which  were  equable  throughout 
their  respective  plates:  viz.,  a  spring  temper — 
quite  hard — and  particularly  annealed. 

The  qualities  consisted  of  best  cast  steel,  ordi¬ 
nary  cast  steel,  cast  steel  of  Stubs’  peculiar 
manufacture,  and  cast  steel  from  Bradford  iron; 
and  the  denominations  embraced  those  of  “cast 
steel/’  “double  shear  steel/’  and  an  undescribed 
kind  of  steel  (apparently  cast  steel),  used  at  the 
Mint. 

All  these  plates  were  magnetized  in  the  same 
way — that  is,  to  their  utmost  capabilities;  and 
their  powers  were  tried  at  the  corresponding 
distance  of  two  lengths  of  the  plates,  respec¬ 
tively,  from  the  centre  of  the  compass. 

A  selection  of  the  experiments  are  here  given, 
comprising  the  power  of  the  plates  separately; 
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their  powers  in  combination;  their  reduced 
powers  after  combination,  and,  with  several  of 
the  sets,  their  powers  in  combination  when 
separated  by  thin  discs  of  wood. 

Sect.  I. — Experiments  with  Plates  for  Compass 
Needles  of  best  cast  steel ,  tempered  equably 
throughout ,  at  a  spring  temper. 

The  particular  degree  of  hardness  of  all  the 
plates  described  under  this  section  belongs  to 
the  specific  kind  distinguished  in  the  diagram, 
Plate  ir.,  and  in  the  table  of  characteristic 
letters  (page  188),  by  the  letter  T. 

Several  series  of  plates  of  this  description 
were  employed  of  each  of  the  two  lengths  of  6 
and  7*5  inches.  The  6  inch  plates  were  of  the 
uniform  breadth,  very  nearly,  of  0*42  inch,  and 
the  7*5  inch  plates  of  0*5  inch.  Their  thick¬ 
nesses,  as  shewn  by  the  differences  of  weight, 
were  dissimilar  in  the  different  sets. 

It  should  be  observed,  that  the  order  of  the 
plates,  when  the  powers  were  tried  in  combina¬ 
tion  in  the  two  conditions  of  “contact,”  and 
“separated  by  discs  of  wood,”  was  not  exactly 
the  same;  that  is,  the  plates  were  not  always 
placed  together  in  the  same  order  of  succession. 
The  general  results  of  combination,  however, 
are  not  affected  by  this  circumstance. 
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Power  of  Plates  Separately. 

Power  in  Combination, 

No.  of  the 
Plates. 

Maximum 

before 

Combination. 

After  Com¬ 
bination. 

In  Contact. 

Separated  by 
Discs  of 
0425  inch. 

i. 

ii. 

iii. 

IV. 

V. 

XIII. 

— Best  Cast  Steel:  18  Plates  of  6  inches: 
Weight  97 *5  grains  each. 

[Tested  under  a  Deviating  Power  of  30‘ 

5  58'.] 

o  ' 

O  9 

O  9 

o  9 

C.  T.  1 

6-20 

3-0 

6- 20 

6.45 

2 

6*22 

3*46 

11 -8 

12.10 

3 

6*30 

3-8 

— 

16*45 

4 

6*50 

2-40 

18-0 

20-33 

5 

6-33 

3*20 

— 

24*10 

6 

6*30 

3-18 

21*55 

27*28 

7 

7*55 

1-30 

— 

30-10 

8 

6-33 

3  20 

24*40 

32*30 

9 

6*20 

3-0 

— 

34-45 

10 

5*45 

3-30 

26-5 

37*20 

11 

G-50 

3-0 

— 

39-14 

12 

6*18 

2-35 

27*10 

40-50 

Mean 

6-34 

3*1 

9 

XIV.- 

—Best  Cast  Steel:  23  Plates  of  6  inches: 
Weight,  143-5  grains. 

[Tested  under  a  Deviating  Power  of  3G 

1  58'.] 

C.  T.  1 

10-4G 

3-50 

10*46 

10*46 

2 

10-50 

4-30 

17-40 

17*59 

3 

10-55 

5-47 

— 

23*15 

4 

10-20 

2-45 

23-50 

27*15 

5 

10-22 

4-43 

— 

30-10 

6 

10-35 

2-56 

26*30 

33*18 

7 

9'50 

3  43 

— 

35*30 

8 

10-35 

3*10 

28*20 

37-52 

9 

10-25 

527 

— 

39-48 

10 

10-12 

4*12 

30-22 

42-30 

11 

10-30 

3-50 

— 

44-0 

12 

10-35 

4*16 

30*45 

45*55 

18 

— 

— 

— 

53*24 

20 

— 

— 

34*33 

55*15 

Mean  of  20 

10-29 

3-5  G 

— 

— 
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Power  of  Plates  Separately. 

Power  in  Combination. 

Mo.  of  the 
Plates. 

Maximum 

before 

Combination. 

After  Com¬ 
bination. 

In  Contact. 

Separated  by 
Discs  of 
0425  inch. 

i. 

ii. 

hi. 

IV. 

V. 

XV.- 

-Best  Cast  Steel:  22  Plates  of7'5  inches: 
Weight,  231  grains. 

[Tested  under  a  Deviating  Power  of  32°  0'.] 

C.  T.  1 

0  f 

O  ' 

O  ' 

o  ' 

10*15 

4-58 

10-15 

10-15 

2 

9-45 

4*30 

16-8 

17*30 

3 

10-22 

4-30 

19-40 

22-30 

4 

9*45 

3-58 

21-12 

25-22 

5 

10-4 

5*15 

■ — 

— 

6 

10-10 

2-45 

23-10 

30*10 

7 

9*50 

4*40 

— . 

— 

8 

9*35 

1-45 

24-50 

34-20 

9 

9'30 

4-38 

— 

— 

10 

9-50 

5*55 

26-10 

38-10 

11 

10*15 

4-52 

— 

— 

12 

9-23 

2-25 

26*50 

40-8 

22 

— 

— 

32-0 

51-53 

Mean  of  22 

9-54 

4-3 

- — 

— 

XVI.- 

-Best  Cast  Steel:  19  Plates  of  7*5  inches: 
Weight,  299*5  grains. 

[Tested  under  a  Deviating  Power  of  34 

3  10'.] 

C.  T.  1 

9-26 

5-45 

9*26 

— 

2 

9-20 

3-50 

15-0 

— 

3 

8-58 

2-17 

18-15 

— 

4 

8-55 

0-45 

19*32 

- — - 

5 

9’15 

4-30 

21-30 

— 

6 

9*22 

5-20 

23-10 

— 

12 

— 

— , 

28*45 

— 

19 

- — 

— 

34-10 

• — 

Mean  of  19 

9*26 

4.6 

• — 

— 
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These  four  tables  exhibit  the  magnetical 
qualities  of  tempered  steel  plates,  designed  for 
compass  needles,  constructed  in  the  year  1838. 
The  comparative  powers,  as  combined  in  contact , 
of  those  of  Table  xv.,  are  represented  in  the 
diagram,  No.  6.,  in  the  curve  marked  as — 
“Cast  steel  tempered:  C.  T.  231  grains.” 
The  same  series  of  plates,  when  separated  by 
thin  discs  of  wood  (0*125  inch  in  thickness), 
is  found,  as  in  the  case  of  former  experiments, 
to  obtain  a  rapid  accession  of  energy,  especially 
in  the  larger  measures  of  combination,  in  the 
proportion,  with  22  plates  together,  of  the  tan¬ 
gents  of  32°  0'  and  51°  53',  or  of  625  to  1275  ; 
shewing,  ultimately,  a  doubling  of  the  power  by 
the  spacing  of.  the  22  plates.  The  relation  of 
these  powers,  as  augmented  by  the  separation  of 
the  plates  to  the  extent  of  13  in  number,  to 
those  of  the  same  plates  in  contact,  as  well  as  to 
plates  of  several  other  different  kinds,  is  shewn 
in  the  diagram  No.  6,  by  the  faint  line-curve 
marked  with  dots. 

Tables  xm.  and  xiv.,  in  like  manner,  shew 
the  effect  of  spacing  the  plates  in  the  progress 
of  combination;  but  there  is  no  peculiar  feature 
in  them  that  needs  to  be  noticed. 
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Sect.  II. — Experiments  with  Plates  for  Compass 

Needles ,  of  superior  qualities  of  steel  of  various 

kinds  and  denominations ,  made  quite  hard. 

The  degree  of  hardness  of  the  plates  here 
referred  to,  is  very  nearly  that  heretofore  indi¬ 
cated  by  the  characteristic  letter  H.  It  was  in 
all  cases  the  result  of  a  sudden  cooling  in  a  bath 
of  salt  and  water  (except  in  the  case  of  steel 
from  Bradford  iron,  which,  when  plunged  into 
water  being  found  to  fracture,  was  cooled  in  oil), 
when  the  plates  had  been  heated  to  a  cherry-red 
— no  further  reduction  of  the  hardness  being 
suffered,  than  was  absolutely  necessary,  after 
the  manner  of  the  treatment  of  files,  for  bring¬ 
ing  the  plates  into  form.  As  this  process  was 
accomplished  by  a  first-rate  file-maker,  the 
measure  of  reduction  was  found  to  be  very 
inconsiderable. 

All  the  plates  employed  for  the  investigations 
of  this  section  were  manufactured  at  the  works 
of  Mr.  Peter  Stubs,  at  Warrington;  and,  for 
the  most  part,  were  pierced  for  combination  in 
the  usual  manner.  They  were  of  somewhat 
different  forms,  as  hereafter  described.  The 
sizes  were  correspondent  in  length  to  those  of 
the  sets  used  in  the  preceding  section;  but  the 
breadth  of  each  class  was  greater— those  of  6 
inches  long  being  0*56  inch  broad,  and  those  of 
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7*5  inches  long,  0*75  inch  broad.  The  former 
were  of  the  average  weights,  in  the  respective 
series,  of  119,  123,  136,  and  242  grains;  the 
latter  of  393,  400,  420,  424,  and  427  grains. 

These  various  plates,  which  were  constructed 
in  sets  of  4  to  8  of  each  description,  comprised 
five  different  qualities  or  kinds  of  steel,  distin¬ 
guished  in  the  tables  by  their  characteristic 
letters — CS.,  SS.,  CL.,  M.,  and  Cb.,  or  cast 
steel  from  best  Bradford  iron. 

1. — Experiments  with  five  series  of  6  inch 
compass  plates,  0*56  inch  broad. 


No.  of 
the 

Plates. 

Power  in  Combination. 

No.  of 
the 

Plates. 

Power  in  Combination. 

Deviation. 

Tangent. 

Deviation. 

Tangent. 

XVII. — Cast  Steel:  CS.  H.  XVIII. — Cast  Steel:  CL.  H. 
Weight,  123  grains  each.  Average  Weight,  136  grains 


1 

O  f 

5-47 

101 

1 

0  ' 

5*20 

93 

2 

11-0 

194 

2 

10-58 

194 

3 

16-0 

287 

3 

15*28 

277 

4 

19-45 

359 

4 

1930 

354 

5 

22  30 

414 

5 

23-0 

424 

6 

25-15 

472 

6 

26*22 

496 

7 

28-30 

543 

7 

290 

554 

8 

31  30 

613 

8 

32-2 

626 

Mean 

5*40 

99 

Mean 

5*40 

99 

P 
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No.  of 

Power  in  Combination. 

the 

Plates. 

Deviation. 

Tangent. 

XIX.- 

-Shear  Stee 

1:  SS.  H. 

Average  Weight,  119  grains. 

1 

0  ' 

8*0 

141 

2 

14*40 

262 

3 

19*45 

360 

4 

24*20 

452 

5 

28*12 

536 

6 

31*10 

605 

7 

33*16 

656 

8 

35*22 

710 

Mean 

7*40 

135 

No  of 

Power  in  Combination. 

the 

Plates. 

Deviation. 

Tangent. 

XX.- 

-Mint  Steel 

:  M.  H. 

Average  W  eight,  242  grains. 

1 

10*50 

191 

2 

17*18 

311 

3 

22*50 

421 

4 

27*0 

510 

5 

28*40 

547 

6 

31*15 

607 

Mean 
Power  of 
Plates 
sepa¬ 
rately 

|  10*10 

179 

XXI. — Cast  Steel  from  Bradford  Iron:  C  b.  H. 
Average  Weight  of  the  Plates,  141  grains. 


I 

No.  of 
the 

Plates. 

Weight  in 
Grains. 

Maximum 

Power 

Separately. 

Power  in  Combination. 

Power 

after 

Testing. 

Deviation. 

Tangent. 

[Tested  with  Test-bar  H :  Deviating  Power,  34°  48']. 


1 

147 

10*35 

10*35 

187 

7*10 

2 

144 

10’28 

17*56 

324 

7*10 

3 

139 

9*54 

23*31 

435 

7*15 

4 

135 

10*3 

27*41 

525 

7*23 

Mean 

141 

10*15 

— 

181 

7*14 

2. — Experiments  with  five  series  of  Compass 
Needle  Plates  of  7*5  inches  in  length,  and  0*75 
inch  in  breadth. 
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No.  of 
the 

Plates. 

Power  in  Combination. 

No.  of 
the 

Plates. 

Power  in  Combination. 

Deviation. 

Tangent. 

Deviation. 

Tangent. 

XXII. 

—  Cast  Steel 

1:  CS.  II. 

XXIII 

.--Shear  Ste 

el:  SS.H. 

Averag 

e  Weight,  427  grains. 

Averag 

e  Weight,  400  grains. 

1 

9*33 

168 

1 

13-3 

232 

2 

16*10 

290 

2 

21-25 

392 

3 

23-38 

438 

3 

27-25 

519 

4 

29-15 

560 

4 

31*0 

601 

5 

33*38 

665 

5 

34*20 

683 

6 

37*0 

754 

6 

36-50 

749 

7 

40-18 

848 

7 

37-17 

761 

8 

42*13 

907 

8 

38-7 

785 

Mean 

10-7 

178 

Mean 

12*44 

226 

XXIV. — Cast  Steel:  CL.  H. 

XXV.- 

—Mint  Steel:  M.  II. 

Average  Weight,  424  grains. 

Average  Weight,  393  grains. 

1 

9-5 

160 

1 

8-12 

144 

2 

17-0 

306 

2 

15*40 

280 

3 

23-30 

435 

3 

21-30 

394 

4 

28-20 

539 

4 

27*15 

515 

5 

33*20 

658 

5 

32-49 

645 

6 

36*55 

751 

6 

36'15 

733 

Mean 

9*14 

163 

Mean 

8-52 

156 

XXVI.—  Cast  Steel  from  Bradford  Iron :  Cb.  II. 
Average  Weight  of  the  Plates,  420  grains. 


No.  of  the 
Plates. 

Weight  in 
Grains. 

Maximum 

Power 

Separately. 

Power  in  Combination. 

Deviation. 

Tangent. 

1 

405 

O  ' 

13-8 

0  9 

13-8 

233 

2 

435 

14-0 

21-32 

395 

3 

412 

13-26 

26-40 

502 

4 

430 

13-28 

30-0 

577 

Mean 

420 

12*30 

— 

240 

p  2 
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The  mean  powers  of  the  four  series  of  plates, 
xxii.  to  xxv.,  individually,  as  tested  under  a 
combination  having  a  deviating  energy  of  50° 4 Cf, 
were  as  follow:  —  Series  xxn.  6° 34';  xxin.  about 
neutral;  xxiv.  7°  7';  and  xxv.  9°  19'. 

In  the  ten  series  of  hard  steel  plates— -that  is 
of  plates  of  different  kinds  of  steel,  hardened 
in  a  corresponding  manner  and  at  a  similar 
heat — we  find  the  superiority,  in  simple  mag¬ 
netic  capacity,  of  the  steel  from  Bradford  iron, 
still  preserved.  But  this  advantage  only  ex¬ 
tends  to  single  or  double  plates;  as  beyond 
double  plates  the  best  shear  steel  is  found  supe¬ 
rior.  In  the  five  series  of  7*5  inch  plates,  it  may 
be  observed,  that  whilst  the  powers  of  the  plates 
of  each  kind,  singly,  are  very  dissimilar,  the  in¬ 
equality  gradually  diminishes  in  combination  ; 
and  that  on  a  combination  of  six  plates  of  each 
of  the  four  series,  commencing  with  the  twenty- 
second  (the  total  weight  of  such  combination 
being  about  2400  grains),  a  remarkable  coinci¬ 
dence  in  the  powers  of  all  the  kinds  occurs: — the 
powers  of  six  plates  of  the  four  series  referred 
to,  being  respectively,  37°  O',  36°  50',  36°  55', 
and  36°  15'.  Beyond  this  extent  of  combination, 
the  cast  steel,  according  to  the  general  law, 
takes  the  lead,  and  ever  afterwards  retains  its 
pre-eminence. 

The  magnetical  powers  of  the  principal  kinds 
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of  steel,  as  exhibited  in  the  compass-needle 
plates  of  7  5  inches  in  length,  are  represented 
in  the  diagram,  No.  6.  The  scale  on  which 
this  diagram  is  constructed  is  just  treble  that 
employed  in  the  previous  one,  No.  5;  but  as 
both  the  scales  of  “tangents”  and  “  weights”  are 
in  the  same  ratio,  the  analogy  of  the  diagrams 
is  correctly  preserved.  The  powers  of  the  6  inch 
compass  plates  were,  in  like  manner,  projected  in 
a  diagram;  but  the  general  character  of  the 
curves  was  so  very  similar  in  the  two  diagrams, 
that  it  did  not  appear  worth  while  to  engrave 
both  of  them. 

As  the  effect  of  reducing  the  hardness  of 
these  various  kinds  of  steel,  was  still  necessary 
to  be  determined,  before  any  general  conclusions 
as  to  the  best  steel  and  temper  for  compass 
needles  could  be  satisfactorily  drawn, — I  have 
reserved  the  propositional  results  until  the  com¬ 
pletion  of  the  Investigations  on  all  the  condi¬ 
tions  requisite  to  be  examined,  which  have  been 
already  noted,  as  affecting  the  magnetical  powers 
of  steel. 


CHAPTER  VI. 


ON  THE  EFFECTS  OF  THE  ANNEALING  OF  HARD  STEEL 
PLATES  OF  DIFFERENT  KINDS  AND  MASSES,  ON  THEIR 
MAGNETICAL  QUALITIES,  BOTH  SINGLY  AND  IN  PAIRS. 


The  term  annealing  I  here  employ,  in  the  sense 
in  which  it  is  ordinarily  used  in  the  arts,  to 
designate  the  process  by  which  brittle  substances 
are,  by  the  peculiar  application  of  heat,  reduced 
in  their  hardness,  and  rendered  less  liable  to 
break.  The  actual  result  of  the  process,  indeed, 
in  the  case  of  magnets  or  other  articles  made  of 
steel,  is  the  same  as  tempering;  and  I  merely 
employ  another  term  to  indicate  a  process  dif¬ 
ferent  from,  or  a  result  gained  in  a  more  satis¬ 
factory  manner  by  such  process  than  by,  that  in 
ordinary  use  among  smiths  and  cutlers. 

In  the  Investigations  of  Part  i.  chapter  v.,  the 
general  effects  of  various  degrees  of  hardness 
on  the  magnetical  capabilities  of  best  cast  steel , 
were  determined,  together  witli  the  modifications 
resulting  from  varieties  of  size  and  mass.  The 
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results  thus  obtained,  however,  only  afforded 
the  general  laws  of  that  particular  denomina¬ 
tion — “cast  steel,''  with  the  special  powers,  in 
respect  to  the  leading  conditions  by  which  the 
magnetic  energy  is  affected,  in  the  same. 

For  the  determination  of  the  best  quality, 
denomination,  and  degree  of  hardness  of  the 
magnets  designed  for  sea-compasses — an  inquiry 
of  great,  indeed  of  national  importance — fur¬ 
ther  investigations  became  necessary.  All  that 
seemed  needful  to  be  done  in  respect  to  quality 
and  denomination ,  indeed,  lias  been  brought  for¬ 
ward  in  the  last  chapter.  But  inasmuch  as  great 
differences  are  found  to  exist  in  the  capacities 
of  perfectly  hard  plates,  suitable  for  compass 
needles,  in  steel  of  different  denominations ,  espe¬ 
cially  betwixt  the  powers  of  cast  steel  and  shear 
steel;  and  as  the  capacity  of  hard  cast  steel  is 
found,  when  in  single  thin  plates,  to  be  very 
inferior  to  that  of  either  tempered  cast  steel,  or 
unreduced  shear  steel, — it  became  desirable  so  to 
determine  the  effects  of  annealing,  that  both  the 
best  condition  for  compass  needles,  in  the  several 
denominations,  might  be  ascertained,  and  some 
fixed  mode  and  standard  of  reduction  might  be 
obtained  for  practical  use. 

The  condition,  as  to  temper,  of  the  bars  and 
plates  heretofore  employed  in  these  Magnetical 
Investigations,  was,  with  but  comparatively  few 
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exceptions,  that  into  which  the  bars  and  plates, 
respectively,  had  been  brought  by  the  artizan 
or  manufacturer  who  supplied  them.  But  it  was 
found  that,  in  many  cases,  the  plates  or  bars 
of  any  particular  set,  ordered  to  be  of  a  certain, 
technically- understood,  temper,  and  intended 
by  the  manufacturer  to  be  of  such  temper  uni¬ 
formly,  were  of  very  different  degrees  of  hard¬ 
ness;  and  that  the  temper  of  different  sets, 
expected  to  be  alike,  was  also  very  dissimilar. 

Hence  it  became  obviously  desirable,  for 
obtaining  the  most  effective  practical  results, 
that  some  mode  of  tempering  should  be  deter¬ 
mined  by  which  a  more  perfect  measure  and 
accordance  in  hardness  might  be  obtained.  In 
order  to  this,  certain  conditions,  which  seemed 
to  be  reasonably  attainable,  at  least  within  de¬ 
finable  limits  as  to  size  and  mass  in  the  plates 
or  bars  of  steel  employed,  would  be  practically 
necessary.  If  the  steel  plates  were  to  be  reduced, 
or  “let  down,”  after  being  uniformly  hardened 
to  their  utmost  capability,  then  the  condition 
would  be — to  obtain  the  equal  reduction  of  the 
hardness  by  an  exposure  to  a  determinate  and 
equable  degree  of  heat:  and  if  the  effect  were 
to  be  obtained  by  the  simple  and  direct  process 
of  hardening  to  any  particular  degree  from  the 
state  attained  in  being  forged, — then  all  the 
plates  must  be  exposed  loan  uniform  and  specific 
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degree  of  beat,  and  suddenly  cooled  in  the  same 
precise  manner,  and  with  corresponding  rapidity. 

This  latter  process  is  the  one  recommended 
in  many  of  our  books,  treating  of  the  construc¬ 
tion  of  artificial  magnets.  Dr.  Gowan  Knight, 
M.  Coulomb,  and  others,  were  wont  to  employ, 
for  some  of  their  magnets,  this  process,  temper¬ 
ing  or  hardening  steel  bars,  by  the  first  inten¬ 
tion,  “at  a  cherry-red  heat.' '* 

An  important  fact,  however,  in  the  pheno¬ 
mena  of  tempering,  shews  that  this  method  will 
be  very  uncertain,  and  unequal  in  its  results: 
viz.  that  the  resulting  degree  of  hardness  depends, 
not  on  the  heat  to  which  the  steel  is  raised  only, 
but  on  the  degree  of  heat  taken  in  connexion 
with  the  rapidity  of  cooling.  Hence  very  small 
steel  wires,  or  extremely  thin  plates,  may  be 
brought  to  a  suitable  temper  for  drills  or  springs 
by  being  heated  to  a  blood  red  and  then  cooled 
in  a  current  of  air;  whilst  the  same  process 
would  produce  in  masses  of  considerable  thick¬ 
ness,  a  verv  slight  change  from  the  original  soft 
state.  And,  in  like  manner,  thin  plates  or 
needles,  plunged  into  cold  water  when  heated  to 
a  blood-red  colour,  will  be  found  as  brittle  as 
glass;  whilst  thick  bars,  treated  in  the  same 
way,  will  not  be  hardened,  perhaps,  beyond  the 
ordinary  degree  of  cutting  instruments. 

*  Brewster’s  Treatise  on  Magnetism,  pp.  284,  292,  etc. 
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For  the  trial  of  this  method,  I  employed  several 
six-inch  bars  of  cast  steel  of  different  thicknesses. 
Some  of  the  bars,  half  an  inch  square,  when 
only  heated  to  this  degree  of  redness  (blood  or 
cherry  red),  and  then  plunged  into  cold  water 
containing  some  salt,  were  found  to  be  of  a  very 
low  temper,  so  that  they  could  be  easily  filed; 
the  effect,  however,  was  by  no  means  uniform. 
Other  bars  of  the  same  length  and  breadth,  but 
only  one-tenth  of  an  inch  in  thickness,  became, 
by  the  like  treatment,  considerably  harder.  One 
of  these  thinner  bars,  for  instance,  weighing  634 
grains,  being  heated  in  an  open  parlour  fire  to  a 
low  red,  not  near  to  cherry  red,  and  then  cooled 
in  spring  water,  was  found  to  have  a  maximum 
capacity  for  magnetism,  equal  to  a  deviation  at 
two  lengths  from  the  compass  of  19°  10',  which 
fell,  on  the  application  of  the  test-bar  H,  to 
5°  50'.  The  same  bar,  heated  in  a  stove  to  full 
cherry  red  and  cooled  as  before,  had  its  mag- 
netical  capacity  increased  to  22°  30'  deviating 
power,  with  a  power  of  14°  28'  after  the  action 
of  the  test-bar.  From  the  guidance  afforded  by 
the  table  at  page  57,  it  appears,  that  the  degree 
of  hardness,  in  the  first  instance,  was  greatly 
below  that  of  spring  temper,  T;  whilst  the 
temper  obtained,  in  the  second  instance,  was 
somewhat  harder  than  that  of  ordinary  cutting 
instruments, — about  the  same  as  would  take 
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place  in  hard  cast  steel,  if  “  let  down  '  by  being 
heated,  until  the  progress  of  oxidation  had  pro¬ 
duced  a  straw  colour  on  the  surface. 

This  mode  of  tempering — varying  in  the 
result  with  the  thickness  of  steel  subjected  to  it, 
and  rendered  further  variable,  even  in  plates  or 
bars  of  similar  dimensions,  by  reason  of  the 
uncertainty  of  the  degree  of  heat  as  determined 
merely  by  the  hue  of  the  incandescence — could 
not  therefore  be  employed  with  any  satisfaction 
for  the  purpose  contemplated;  viz.  for  obtaining 
an  uniformity  in  the  degree  of  hardness  of  dif¬ 
ferent  plates  or  bars  of  steel. 

Hence  some  method,  analogous  in  its  steps  to 
that  employed  by  cutlers  and  smiths — the  steps 
being  first  to  harden  to  a  state  of  brittleness, 
and  then  to  reduce  by  the  action  of  a  moderate 
specific  degree  of  heat — afforded  the  best  pro¬ 
spect  of  attaining  the  desired  object.  In  order, 
however,  to  this  method  being  made  effective,  a 
tolerably  uniform  degree  of  extreme  hardness 
would  be  requisite  to  be  obtained  as  the  first 
condition  in  the  process.  And  this  condition, 
especially  in  masses  not  greater  than  those 
employed  in  the  investigations  of  the  last  two 
chapters,  is  found  to  be  much  more  easily  attain¬ 
able  than  uniformity  of  a  lower  temper — because 
very  great  differences,  within  given  limits,  in 
the  heat  at  which  the  plates  are  plunged  into 
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water,  occasion  but  comparatively  little  variation 
in  the  resulting  hardness. 

The  practicability  of  producing  the  required 
uniformity,  in  extreme  hardness,  in  the  corre¬ 
sponding  plates  of  an}'  particular  set  constructed 
out  of  the  same  bar  of  steel,  is  shewn  by  the 
results  of  the  experiments  on  hard  plates  of  cast 
steel  and  shear  steel,  in  chapter  iv. ;  especially 
in  the  sets  v.  vi.  vm.  and  ix. — in  which  the 
general  equality  of  the  powers  of  all  the  plates 
of  each  set,  respectively,  both  as  to  their  separate 
capacity,  and  as  to  their  powers  after  combina¬ 
tion,  shews  the  satisfactory  equableness  of  their 
degree  of  hardness. 

This  principle,  therefore, — the  annealing  of 
bars  or  plates,  first  made  as  hard  as  possible, 
by  subjecting  them  to  the  same  exact  degree  of 
heat, — promised  to  afford  something  like  the 
uniformity  of  temper  required  to  be  produced. 
And  if  this  should  be  accomplished,  then  might 
we  determine  with  the  greatest  precision,  the 
relative  magnetical  qualities  of  any  particular 
temper,  or  degree  of  reduction  of  the  extreme 
hardness;  and  at  the  same  time  we  should  secure 
a  method  whereby  such  precise  temper  might, 
in  the  use  of  like  kinds  of  steel,  in  all  cases  be 
obtained. 

This  investigation  embraced  several  points  of 
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inquiry  essential  to  the  attainment  of  satisfac¬ 
tory  results:  —  such  as,  Whether  there  might  be 
any  difference,  in  effect,  betwixt  a  momentary 
application  of  heat  to  the  hard  plates,  and  the 
continuation  of  the  same  heat  for  a  considerable 
period  ?  Whether  any  difference  might  arise 
from  the  method  of  cooling  the  plates  at  the 
conclusion  of  the  annealing  process?  What 
might  be  the  relative  effects  of  annealing,  at 
any  given  heat,  on  the  various  kinds  and  deno¬ 
minations  of  steel  ?  What  might  be  the  relation 
betwixt  the  degree  of  heat  employed  and  the 
measure  of  reduction  in  the  hardness?  What 
might  be  the  effect,  on  the  same  bars,  of  repeat¬ 
ing  the  annealing  process?  And  finally,  whether 
hard  bars  of  different  forms — such  as  the  straight 
bar  and  horseshoe  forms — are  similarly  affected, 
as  to  their  magnetical  qualities,  by  annealing? 

Each  of  these  points  of  inquiry  was  made,  in 
some  measure  or  degree,  the  subject  of  particular 
investigation  by  experiment. 

The  modes  which  occurred  to  me  for  the 
application  of  determinate  and  equable  degrees  of 
heat  to  the  hard  bars  or  plates  to  be  annealed, 
proved  to  be  the  same  as  had  been  previously 
employed  by  Mr.  Nicholson  and  Mr.  Stodart. 
Supposing  that  a  higher  degree  of  heat  would 
be  requisite  for  the  reduction  of  hard  plates  to  a 
spring  temper,  than  what  really  proved  to  be 
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needful,  I  commenced  with  a  bath  of  melted 
lead  in  a  vessel  constructed  for  the  purpose. 
The  rapid  change  of  colour  of  the  plates,  how¬ 
ever,  when  laid  upon  the  lead,  just  brought  to 
a  state  of  fluidity,  shewed  that  the  heat  thus 
applied  was  already  at  a  maximum.  At  the 
same  time  the  method  was  not  a  verv  con- 
venient  one,  as  the  steel  was  liable  to  become 
partially  plated  with  lead,  unless  very  carefully 
protected. 

From  lead  I  proceeded  to  a  bath  of  linseed 
oil  raised  to  a  high  temperature.  Not  having, 
in  the  first  trials,  a  thermometer  suitable  for  the 
determination  of  the  progressive  rise  of  tempe¬ 
rature,  I  was  obliged,  that  the  results  might  be 
satisfactory,  to  proceed  to  the  heat  of  boiling  oil.* 
The  effect,  as  will  be  seen,  was,  on  some  descrip¬ 
tions  of  plates,  much  greater  than  was  required ; 
but  the  effect  produced,  was  still  sufficient  to 
guide  to  certain  important  practical  results. 

Finding,  however,  that  this  subject  was  of 
essential  importance  for  the  completion  of  the 
series  of  investigations  in  progress,  I  subse¬ 
quently  repeated  the  experiments  on  annealing 
at  various  degrees  of  heat  from  300°  to  550°  in¬ 
clusive,  as  indicated  by  the  thermometer.  The 
particulars  of  each  class  of  experiments  are 
annexed. 

*  The  temperature  at  which  linseed  oil,  and  other  fixed 
oils  boil,  is  stated  to  be  about  that  of  600°. 
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Sect.  I.  —  On  the  Effects  of  Annealing  hard  Steel 
Plates  in  boiling  Linseed  Oil. 

Two  series  of  experiments,  under  this  head, 
will  be  sufficient  to  be  described — embracing, 
as  these  do,  all  the  points  which  have  been 
satisfactorily  determined. 

1.  The  first  series  consisted  of  twenty-four 
plates  of  seven  different  kinds  as  to  denomi¬ 
nation,  quality,  or  dimensions.  They  were 
chiefly  thin  plates  prepared  for  the  construction 
of  compass  needles.  All  of  them  had  been  hard¬ 
ened  originally  to  the  utmost  degree;  but  some 
had  been  subjected  to  a  very  slight  reduction 
in  putting  them  into  form,  after  the  manner  of 
the  treatment  of  files.  These  plates  being  tied 
up  in  two  nearly  corresponding  bundles,  com¬ 
prising  equal  portions  of  the  several  kinds  of 
plates,  were  placed  in  a  kettle  of  pure  linseed 
oil,  in  the  progress  of  being  heated.  A  few 
minutes  after  the  oil  was  brought  to  the  boiling 
point,  which  required  a  considerable  time,  the 
two  bundles  were  removed,  and  one  of  them 
was  laid  on  the  flags  to  cool  gradually  in  the 
air,  and  the  other  was  plunged  into  cold  water. 


[Table  xxvn. 
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Table  XXVII.  —  Effects  of  Annealing  at  the 

o 

heat  of  boiling  Oil  (A  B),  on  various  descrip¬ 
tions  of  hard  Steel  Plates?  EL,  designed  for 
Compass  Needles. 


Description  of  Plates. 

|  Powers  when  hard. 

Powers  after  annealing. 

No.  of 
the  Set. 

Characteristic 

Letters. 

Length  in 
Inches. 

Weight  in 
Grains. 

Maximum 

Single. 

• 

Deviation  in 
Pairs. 

|  Tested  by 

1  Bars 

H  or  D 

Maximum 

Single. 

Deviation  in 

Pairs 

Tested  by 
Bars 

II  or  D. 

i. 

ii. 

in. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

O  7 

O  7 

O  7 

O  7 

O  7 

o  ' 

XVII. 

CS. 

6-0 

123 

5-40 

4-37 

9  3 

2-24 

5-58 

11-4 

5-1 

8-37 

15-7 

1-56 

XVIII. 

CL. 

6  0 

136 

4  13 

3-30 

8-38*- 

3-48 

5-0 

10-12- 

3-42 

9-22* 

15-32 

3-58 

5-0 

3-53 

8-44 

3-45 

5- 37 

10-8 

4-57 

9-9 

15-18 

3-25 

XIX. 

ss. 

6-0 

119 

7-27 

5-32 

9-51* 

-4-18 

7-2 

13-14 

5-37 

9  42* 

15-13 

-4  30 

716 

613 

9-28 

-4-3 

7-20 

14-40- 

6  10 

9*29 

14-43 

-4-12 

XXII. 

CS. 

7-5 

427 

9-25 

8-42 

14-12* 

+  10-42 

9  20 

16-10- 

8-36 

14-17* 

21  -28 

10-37 

9-28 

8-44 

14-2 

10-50 

9-33 

17-22 

8-53  I 

14-4 

21  -23 

10-13 

XXIII. 

ss. 

7-5 

400 

12-7 

9*45  1 

13-30* 

4-14 

12-30 

21-25- 

-  1 

13-52* 

18  6 

4  32 

12-16 

10-30 

13  37 

4-47 

1230 

20-45 

10  55 

14-4 

18-6 

4-51 

XXIV. 

CL. 

7-5 

424 

8-44 

8-14 

14*3  * 

11*6 

9-23 

16-39 

8-40 

14-23* 

21-83 

11-5 

9-50 

9-15 

1348 

110 

8-43 

17-0- 

8  12 

14-23 

21  -25 

11-15 

IV. 

C. 

7-5 

590 

15-25 

14-20 

18-20* 

14-32 

| 

15-32 

26-0 

14  25 

18-30 

14-47 

The  experiments  on  the  effects  of  annealing 
are  here  thrown  into  a  tabular  form,  as  the  most 
convenient,  with  a  reference  in  col.  i.,  by  Roman 
numerals,  to  the  set  of  plates  in  the  foregoing 
tables,  to  which  each  of  these  plates  respectively 
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belongs.  Those  suddenly  cooled,  when  taken 
out  of  the  boiling  oil,  are  distinguished  in  the 
table  by  an  asterisk  in  col.  viti.  The  powers  of 
the  plates  in  pairs,  as  shewn  in  cols.  vi.  and  ix., 
were  determined  when  the  plates  of  each  pair 
were  in  even  contact.  Some  of  the  powers  of 
pairs  in  col.  vi.  were  supplied  from  the  former 
tables,  and  are  here  distinguished  by  a  dot  after 
the  figures.  All  the  powers  here  registered  are 
those  of  the  influence  of  the  magnetized  plates 
on  the  needle  of  a  compass  at  the  distance  of 
twice  the  length  of  the  plates  respectively. 

In  addition  to  the  particulars  herein  notified, 
in  respect  to  the  magnetical  powers  of  the  plates 
under  the  different  circumstances  referred  to — a 
further  inquiry  was  carried  on  at  the  same  time: 
viz.  as  to  the  effect  of  the  annealing  process  on 
the  degree  of  magnetic  energy  possessed  by  each 
plate  when  first  placed  in  the  oil  :  in  other 
words,  as  to  the  quantity  of  energy  lost  by  the 
operation?  The  result  of  this  inquiry  is  noticed 
in  a  future  place. 

The  only  observation,  in  anticipation  of  the 
summary  of  General  Results,  which  occurs  to 
me  as  being  called  for  at  this  position  of  the 
Investigations  on  the  Effects  of  Annealing,  is 
the  striking  and  important  differences  in  the 
effects  of  the  process  on  the  two  denominations 
of  cast  and  shear  steel.  In  the  limited  measure 
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of  combination  here  employed — extending  only 
to  pairs  of  plates, — and  in  the  general  thinness 
of  the  plates  subjected  to  the  process,  not  ex¬ 
ceeding,  except  in  the  last  two,  the  thirtieth  of 
an  inch, — the  cast  steel  in  every  case  gained  in 
magnetic  capacity  by  the  annealing;  but  the 
shear  steel  derived  comparatively  small  advan¬ 
tage,  even  in  the  individual  or  separate  capacity 
of  the  plates,  whilst  in  combination  there  was  a 
loss  of  capacity,  even  in  a  pair  of  7*5  inch  plates 
weighing  together  only  800  grains.  In  larger 
numbers  in  combination,  the  annealing  in  boil¬ 
ing  oil  was  found  to  be  every  way  injurious 
for  magnetical  purposes.  The  effects  may  be 
perceived  by  mere  inspection  of  two  of  the  dotted 
curves  in  the  diagram  No.  6 — representing  the 
powers  of  two  kinds  of  annealed  plates — shear 
steel  of  400  grains,  and  cast  steel  of  424  grains, 
each,  and  in  combinations  of  four  and  six  plates. 

2.  The  results  obtained  by  a  second  trial  of 
the  effects  of  the  annealing  of  hard  steel  plates 
in  boiling  linseed  oil,  are  shewn  in  the  following 
table.  The  experiment  in  this  case  extended  to 
a  still  greater  variety  of  plates  or  bars  (all  being 
originally  of  the  hardness  designated  by  the  cha¬ 
racteristic  letter  H) ;  but  the  mean  powers  only, 
of  each  variety,  are  here  given.  An  additional 
column.  No.  xi.,  shews  the  number  of  plates  of 
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each  description  employed  in  this  investigation; 
and  though  two  columns  are  omitted  from  the 
series  included  in  Table  xxvii.  yet  the  numbers 
of  the  similar  columns  are  made  correspondent 
in  these  two  tables. 


Table  XXVIII. — Effects  of  Annealing  on  various 
kinds  of  hard  Steel  Plates,  H. 


Description  of  Plates. 

I  Powers  when 
hard,  H. 

Powers  after 
Annealing,  A  B. 

Amount  of 

Plates  used. 

No.  of 
the  Set. 

Charact. 

Letters. 

Length. 

Weight. 

Mean 

Single. 

Mean 

in 

Pairs. 

Mean 

Single. 

Mean 

in 

Pairs. 

i. 

n. 

®  in. 

IV. 

V. 

VI. 

VIII. 

IX.  | 

XI. 

The  following  5  Sets  were  immersed  for  two  minutes 

in 

boiling  Oil,  and  then  plunged  into  cold  Oil. 

XVII. 

CS. 

6*0 

123 

5-56 

10-55 

O  ' 

8-33 

O  ' 

15-6 

4 

XVIII. 

CL. 

6-0 

136 

5-28 

10-13 

9-19 

16-9 

4 

XX. 

M. 

6-0 

242 

10-23 

17-18 

12-42 

20-10 

2 

XXII. 

CS. 

7-5 

427 

9*4 

16-10 

13-51 

21-47 

2 

XXIV. 

CL. 

7-5 

424  j 

9*15 

17-0 

14-8 

21-53 

2 

The  following 

Plates  were  30  minutes  in  boiling  Oil,  and 

gradually  cooled 

in  the  Air. 

xxii: 

CS. 

7-5 

427 

10-16 

17-50 

14-27 

22-1 

4 

XXIV. 

CL. 

7.5 

424 

8-54 

16-20  j 

14-31 

22-25 

2 

ii. 

ss. 

7-5 

912 

23-40 

35-20* 

16-8 

“1 

}  19-50 

2 

i. 

CS. 

7*5 

1000 

22-34 

33-32* 

20-38 

VIII. 

Cb. 

7-5 

1005 

27-46 

38-45 

17-38 

20-20 

2 

X. 

Ccf. 

7-5 

940 

24-15 

25-30* 

1512 

17-40 

2 

XXV. 

M. 

7-5 

394 

9-38 

15-40* 

14-8 

— 

1 

— 

c* 

7-5 

694 

14-15 

25-15 

19-16 

25-10 

2 

— 

B. 

7-5 

640 

17-24 

— 

15-6 

— 

1 

1 

•  These  plates  were  taken  from  a  set  not  included  in  the  varieties  of  the 
foregoing  tables.  The  set  consisted  of  plates  constructed  for  compound 
compass-needles,  made  of  cast  steel,  and  of  the  hardness  approximating 
the  degree  II. 
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The  general  correspondency  of  the  conclusions 
derived  from  this  experiment,  with  those  of  the 
foregoing  table  (No.  xxvn.),  renders  any  par¬ 
ticular  observations,  in  this  place,  unnecessary. 
The  principles  and  deductions  flowing  from  the 
investigations,  will  have  their  proper  place  in 
the  General  Results. 

Sect.  II. —  On  the  Effects  of  Annealing,  on  hard 
Steel  Plates ,  in  hot  Oil ,  at  various  Degrees  of 
Temperature. 

Hitherto  these  investigations,  in  regard  to  the 
magnetic  powers  of  steel  as  affected  by  degrees 
of  hardness,  have  proceeded,  mainly,  on  a  com¬ 
parison  of  the  several  ordinary  distinctions  of 
temper  familiar  to  cutlers  and  smiths,  and  herein 

indicated  bv  the  characteristic  letters  S.  E.  T.  FI., 

*/ 

together  with  the  preceding  experiments  on  the 
annealing  in  boiling  linseed  oil,  AB.  correspond¬ 
ing  very  nearly,  in  the  effect  on  cast-steel,  with 
the  ordinary  spring  temper,  T. 

‘  But  whilst  under  these  specific  conditions, 
the  advantage,  as  to  magnetic  capacity,  was 
found,  on  all  trials  with  straight  bars  of  steel, 
to  be  in  favour  of  the  greatest  hardness,  when 
either  large  masses  or  combinations  of  many 
plates  or  bars  were  to  be  employed  ;  it  by  no 
means  followed  that  no  condition  of  hardness 
intermediate  betwixt  H  and  T  (a  large  interval  as 
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to  the  degrees  of  hardness),  might  not  afford  a 
capacity  for  a  higher  measure  of  magnetic  energy, 
for  less  considerable  masses  or  combinations. 

My  attention  was,  in  the  first  instance,  directed 
to  the  case  of  straight-bar  magnets;  though  I 
certainly  did  not  anticipate  the  difference  that 
was  actually  found  to  take  place  when  the  bars 
were  turned  into  the  horse-shoe  form. 

Thus  far  my  investigations  on  the  subject  of 
annealing  had  proceeded,  when  a  notice  of  the 
results  on  the  tempering  of  steel,  obtained  in 
the  course  of  the  inquiries  of  Dr.  Faraday  and 
Mr.  Stodart,  on  the  effects  of  various  alloys,  etc. 
fell  into  my  hands.  From  the  effects  of  anneal¬ 
ing,  as  shewn  in  the  last  two  Tables  xxvii.  and 
xxviii.,  I  had  previously  inferred  (immediately, 
indeed,  on  the  completion  of  the  experiments), 
that  many  of  the  plates  had  been  reduced  in 
hardness  below  that  of  the  best  temper  for 
compass  needles.  The  deductions  of  Mr.  Stodart 
confirmed  this  inference,  and,  at  first  sight, 
appeared  in  considerable  measure  to  have  super¬ 
seded  the  necessity  for  the  further  inquiry  I  had 
contemplated;  that  is,  as  to  the  connexion  be¬ 
twixt  the  degree  of  heat  applied  to  hard  steel, 
and  the  resulting  temper,  or  the  measure  of 
reduction,  in  the  hardness. 

A  little  consideration,  however,  made  it  evi¬ 
dent  that  the  subject  was  of  so  much  importance 
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as  to  call  for  special  investigation  on  the  prin¬ 
ciples,  and  by  the  mode  of  testing,  etc.  already 
so  extensively  pursued;  without  which,  indeed, 
the  actual  effects  of  various  degrees  of  heat  on 
the  magnetical  properties  of  hard  steel  bars 
could  not  be  really  known. 

Having  provided  myself  with  a  chemical 
thermometer,  graduated  up  to  the  boiling  point 
of  mercury,  with  a  stove  expressly  constructed 
for  the  convenient  heating  of  the  oil,  I  proceeded 
with  this  investigation,  in  accordance  with  the 
methods,  so  far  as  herein  applicable,  which  had 
been  adopted  for  the  experiments  (Sect,  i.)  on 
the  annealing  in  boiling  linseed  oil. 

Six  sets  of  plates  and  bars  (all  the  plates  being 
7*5  inches  in  length)  were  subjected  to  this  ex¬ 
periment  on  annealing  at  various  temperatures. 
These  consisted  of  shear  steel  plates,  belonging 
to  set  No.  hi.  in  the  foregoing  tables ;  cast  steel 
plates  of  set  No.  i;  cast-steel  plates  of  a  set 
designed  for  compass-needles  described  at  the  foot 
of  Table  xxvm. ;  shear-steel  plates  for  compasses, 
of  the  set  No.  xxin.;  cast-steel  plates  of  like 
description,  of  the  sets  Nos.  xxn.  and  xxiv., 
together  with  the  bars  of  a  new  five- bar  horse¬ 
shoe  magnet  made  by  Messrs.  Stubs,  the  results 
obtained  with  which  belong  to  the  next  section. 
All  these  plates  and  bars  were,  at  the  com¬ 
mencement  of  the  experiments,  in  their  original 
state  of  extreme  hardness . 
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These  being  arranged  in  six  different  sets,  so 
that  they  might  conveniently  be  subjected  to  the 
various  degrees  of  heat  designed,  were  placed 
in  succession  in  the  vessel  of  oil  whilst  on  the 
fire.  As  the  thermometer  rose  to  each  of  the 
required  temperatures  of  300°,  350°,  400°, 
450°,  500°,  and  550°,  one  of  the  sets  was  re¬ 
moved  and  plunged  into  cold  oil.  The  effect  of 
the  temperature  of  boiling  oil  having  been 
before  investigated,  was  not  now  repeated, 
but  the  results  supplied,  chiefly,  from  former 
experiments. 

Previous  to  the  annealing  of  the  various  plates 
and  bars,  their  maximum  magnetical  powers 
were  determined,  both  singly  and  in  pairs,  by 
the  deviations  at  two  lengths  from  the  compass; 
and  their  strength,  or  tenaciousness  of  the  mag¬ 
netic  condition,  was  likewise  ascertained.  After 
the  annealing,  the  same  qualities  were  again 
determined.  I  regret  that  the  mode  of  testing 
before  and  after  the  annealing,  was  not  the 
same.  In  the  former  case,  the  test  was  derived 
from  a  miscellaneous  combination  of  the  plates 
themselves,  exhibiting,  in  the  mass,  the  required 
energy ;  but  this  test,  where  the  plates  or  bars 
are  of  various  degrees  of  tenaciousness,  as  must 
be  the  case  where  shear-steel  and  cast-steel  are 
combined,  was  found  not  to  be  very  consistent 
or  decisive.  But  in  the  latter  instance  (the  test- 
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ing  after  the  annealing)  the  results  were  obtained 
by  placing  each  plate  in  succession  betwixt  two 
bundles  of  hard  cast-steel  plates  of  the  required 
energy,  and  these  results  were  found  quite  satis¬ 
factory.  Tables  xxix.  to  xxxm.  comprise  the 
whole  of  the  particulars,  in  regard  to  the  several 
series  of  plates,  which  seem  to  be  necessary  for 
the  object  contemplated.  All  the  plates,  it 
should  be  remembered,  were  of  the  same  length, 
viz.  7 *5  inches. 


Maximum  Powers  before 
Annealing. 

Powers  after  Annealing. 

Deviation 

Single. 

Deviation 
in  Pairs. 

Tested 
under 
Power  of 

50°. 

Tem¬ 
perature 
of  Oil. 

Deviation 

Single. 

Deviation 
in  Pairs. 

Tested 
under 
Power  of 

50°. 

r. 

ii. 

hi. 

IV. 

V. 

VI. 

vir. 

XXIX. — Shear  Steel:  S  H.  [Table  in.]  Average 
Weight,  623  Grains. 


0  ' 

O  ' 

0  ' 

O 

O  ' 

O  ' 

o  y 

17-36* 

25-40 

5-3 

300 

* 

go 

r—H 

26-3 

—  1-10 

17-24* 

28-18 

9-6 

350 

17'- 12* 

27-20 

+  2-0 

17- 23 

18- 13 

}  26-38 

s 

3- 27 

4- 30 

400 

450 

17- 12 

18- 5 

?  24-34 

S 

—  1-5 

—  6-50 

15-33 

15*58 

j  24-57 

S 

4-40 

2-52 

500 

550 

15-33 

15-28 

\  20-33 

5 

—  8-45 

—  10-15 

16-37* 

•  •  • 

3-44 

Boiling 

15-37* 

.  •  •  • 

—  9-36 

1658 

26-23 

4-46 

450 

16-44 

24-37 

—  5-6 

XXX. — • Cast  Steel:  C  S [Table  i.]  Average,  977  Grains. 


17-50 

20-46 

|  32-56 

15-18 

18-0 

300 

350 

17-28 

20-45 

|  31-54 

14-35 

16-50 

18-55 

22-8 

\  33-42 

3 

15-0 

17-40 

400 

450 

19-22 

23-18 

if  32  50 

3 

13-40 

10-40 

19-45 

j-  32-0 

16-35 

500 

22  26 

j  29-27 

2-5 

18-3 

15-27 

550 

22-6 

0-52 

18-0* 

•  •  • 

15-22 

Boiling 

21-34* 

•  •  • 

0-37 

19-21 

•  «  • 

16-12 

450 

21-0 

•  •  o 

8-18 

*  The  deviations,  with  an  asterisk  annexed,  are  the  means  of  a  pair  of 
similar  plates.  Those  with  a  dot  annexed,  were  supplied  from  former 
experiments,  in  one  or  two  cases  derived  proximately  from  such  experiments. 
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Powers 

before  Annealing. 

Powers  after  Annealing. 

Tested 

Tem- 

Tested 

Deviation 

Deviation 

under 

perature 

Deviation 

Deviation 

under 

Single. 

in  Pairs. 

Power  of 
50°. 

1 

of  the 
Oil. 

Single. 

in  Pairs. 

Power  of 
50°. 

i. 

ii. 

in. 

IV. 

V. 

VI. 

VII. 

XXXI. — Cast  Steel ,  Pla 
Average  W 

tes  for  Common 
eight,  694  Grain 

Needles, 

s. 

C  H. 

o  ' 

0  ' 

O  ' 

O 

O  ' 

0  ' 

o  ' 

14-38 

\  24-13 

) 

10-32 

300 

14-2 

|  25-6 

9-58 

14-0 

4-42 

350 

15-28 

7  35 

14-38 

j  26-28 

10-32 

400 

14-57 

]  26-0 

> 

8-50 

14-53 

10-52 

450 

17-5 

613 

15-22 

|  26-50 

12-45 

500 

18-12 

j-  25-48 

1-35 

15-10 

12-35 

550 

18  2 

—  1-56 

.  .  . 

•  •  • 

•  •  • 

600  B 

19-31* 

25-38 

—  3-35 

14-42 

25-50 

10-20 

450 

16-45 

25-38  | 

7-7 

XXXII. — Shear  Steel ,  7*5  inch  Plates  for  Compass  Needles, A. 
[Table  xxiii.]  Average  Weight,  402  Grains. 


12-30 

12-40 

|  21-0- 

— 

300 

350 

12-26 

12-50 

\  21-42 

S 

4-2 

40 

12-17 

12-29 

\  20-45- 

— 

400 

450 

12-47 

1312 

|  20-55 

—  1-0 
—  2-30 

12-40 

12-30 

^  21-0- 

— 

500 

550— 

12- 48 

13- 17 

!  18-47 

—  5-48 

—  9-59 

12-23* 

20-45 

— 

600 13 

13-52 

18-6 

—11-11 

12-30 

20-52 

— 

450 

13-2 

19-52 

—  3-12 

XXXIII.- 

—  Cast  Steel ,  7‘5 

inch  Plates  C  and  L. 

[Tables  xxn.  and  xxiv 

.]  Average  Weight,  427  Grains. 

10-40 

10-40 

]  18-20- 

> 

6-  52 

7- 25 

300 

350 

10-16 

10-0 

I  18-6 

7-0 

6-45 

9-5 

10-0 

|  17-6- 

7- 30 

8- 0 

400 

450 

9-23 

10-58 

CO 

to 

o 

6-36 

6-48 

10-40 

10-40 

J  18-20- 

7-25 

6-52- 

500 

550— 

12- 4 

13- 28 

I  21-36 

2-56 

—4-18 

9-4* 

17-0 

6-50- 

600  B 

1411 

21-30 

—5-22 

10-7 

17-41 

7-16 

450 

11-29 

19-53 

2-55 

These  results,  I  may  venture  to  state,  are, 
in  an  experimental  and  scientific  view,  very 
satisfactory  and  beautiful.  The  second  plates  in 
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each  of  the  Tables  xxix.,  xxx.,  and  xxxi., 
exhibit,  indeed,  a  measure  of  discrepancy;  but 
column  in.,  wherein  the  effect  of  the  testing  is 
represented,  shews  that  in  each  of  these  cases 
the  particular  plate  in  question  was  of  a  peculiar 
degree  of  original  hardness,  being,  in  the  first 
two  cases,  harder  than  the  others,  and  in  the 
third  case  very  much  softer.  But  altogether  the 
series  of  changes  in  the  magnetic  capacity  of  the 
separate  plates,  and  in  their  degree  of  tenacious¬ 
ness,  resulting  from  change  of  hardness,  is,  in 
each  set  of  plates,  strikingly  consistent  and  in¬ 
structive. 

The  shear-steel  medium  plates,  it  will  be  ob¬ 
served  (Table  xxix.),  derived  no  advantage  of 
any  importance  by  annealing,  even  in  the  low¬ 
est  degree,  in  their  individual  capacity,  whilst 
in  pairs,  there  was  an  actual  deterioration  in 
capacity,  at  temperatures  above  300°,  rapidly 
augmenting  with  the  increase  of  the  heat.  The 
result  with  thin  plates,  (Table  xxxn.)  exhibited 
a  very  slight  gain  of  individual  energy,  but  at 
the  expense  of  a  formidable  deterioration  in 
fixidity,  with  an  absolute  loss  of  energy  in 
pairs  of  plates  when  the  heat  extended  beyond 
420°  to  450°.  The  cast-steel  medium  plates 
(Table  xxx.),  for  the  most  part,  gained  a  little 
by  the  annealing,  up  to  the  heat  of  boiling  oil; 
but  in  pairs,  they  exhibited,  in  every  case,  a 
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deterioration,  increasing  with  the  degree  of 
temperature  to  which  the  plates  had  been  sub¬ 
jected.  In  the  thin  cast-steel  plates,  designed 
for  compass  needles,  we  find,  as  was  reasonably 
to  be  anticipated  from  the  previous  experiments, 
a  general  improvement,  (that  is,  after  the  first 
two  of  the  series,  which,  being  supplied  from 
other  experiments,  are  not  equally  satisfactory) 
the  improvement  extending  to  the  powers  of 
pairs  of  plates,  as  well  as  of  single  plates, 
throughout  the  series  of  temperatures.  In  the 
case  of  the  plates,  however,  of  intermediate 
thickness  (Table  xxxi.),  we  find,  in  perfect 
consistency  with  all  previous  conclusions,  the 
gain,  by  annealing,  limited  mainly  to  the  mag- 
netical  capacity  of  the  plates  separately, — a 
decided  loss  being  found  to  take  place  in  all  the 
combinations  annealed  at  a  higher  temperature 
than  400°. 

Sect.  III.  —  On  the  Effects  of  Annealing,  at 
various  Temperatures,  on  the  Magnetic  Powers 
of  hard  Steel  Bars ,  single  and  compound,  of 
the  Horse- shoe  form. 

It  yet  remained  to  be  ascertained  experiment¬ 
ally,  the  effect  of  annealing  on  the  magnetic 
capacity  of  hard  steel  bars  of  the  horse-shoe 
form.  So  far  as  my  experiments  had  hitherto 
gone,  powerful  combinations  of  the  horse-shoe 
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form  derived,  like  those  of  straight  bars,  a 
decided  advantage  from  hardness.  In  the  in¬ 
stance  of  the  large  magnet,  described  at  page 
171,  the  permanent  lifting  power  was  more  than 
doubled  (nearly  trebled)  when  the  several  bars, 
which,  in  their  original  state,  were  quite  soft 
except  for  three  or  four  inches  near  the  poles, 
were  moderately  hardened  nearly  throughout 
their  extent.  It  seemed  reasonable  to  expect, 
therefore,  from  the  previously  observed  ana¬ 
logies,  found  to  be  consistent  in  every  consider¬ 
able  combination  of  hard  straight-bar  magnets, 
that  the  same  law  would  hold  in  respect  to 
powerful  combinations  of  the  horse-shoe  form. 
The  result  of  actual  experiment,  however,  occa¬ 
sioned  me,  I  confess,  much  surprise.  The  law, 
as  to  the  general  advantage  of  hardening  the 
bars  throughout,  and  that  to  a  considerable 
degree,  was  amply  verified;  but  the  effect  of 
extreme  hardness  was  essentially  different  from 

e t 

what  had  been  anticipated. 

Two  beautiful  compact  magnets,  constructed 
for  me  by  Messrs.  Stubs,  one  of  five  bars,  the 
other  of  fifteen,  in  which  the  bars  were  of  fine 
cast  steel,  hardened  to  the  extent  and  brittleness 
of  files,  were  employed  for  investigating  the  law 
as  to  the  best  kind  of  temper,  or  measure  of 
hardness,  for  instruments  of  the  horse-shoe  form. 
The  bars  of  the  smaller  magnet  weigh  4080 
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grains  each;  altogether  2*914  lbs.  They  measure 
from  the  extremity  of  the  curve  to  the  poles 
six  inches,  an  inch  in  breadth,  and,  when  com¬ 
bined,  an  inch  in  thickness.  They  are  finished 
flat  and  even  at  the  poles.  Those  of  the  large 
magnet,  weighing  together  8  lbs.,  are  arranged 
differently,  —  the  three  centre-bars  being  the 
longest,  and  constituting  at  their  poles  an  even 
surface,  but  the  others  receding,  by  steps,  being 
successively  shorter  by  the  sixth  of  an  inch. 
Thus  the  full  length  of  the  centre  bars,  from  the 
extremity  of  the  curved  end  of  the  instrument 
to  that  of  the  poles,  is  5*8  inches,  whilst  those 
the  most  remote  from  the  centre,  being  the 
shortest,  measure  4*8  inches.  The  entire  thickness 
of  the  fifteen  bars  in  combination  is  2*9  inches. 

Each  magnet  was  furnished  with  conductors 
of  good  soft  iron,  made  at  different  times,  of  a 
variety  of  forms  and  sizes,  in  order  to  the  selec¬ 
tion,  for  general  use,  of  the  best.  The  bars  of 
both  were  magnetized,  likewise,  in  a  variety 
of  ways — the  method  found  to  be  the  most 
effective,  generally,  here  failing, — and  that  com¬ 
municating  the  greatest  power  adopted  for  the 
trial  of  the  instruments. 

But,  to  my  great  disappointment,  the  bars 
were  found  extremely  unenergetic,  and  their 
combined  powers  not  equal  to  some  of  those 
of  the  commonest  construction!  The  average 
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sustaining  power  of  tlie  bars,  separately,  was 
scarcely  3  lbs.,  or  about  five  times  their  weight. 
The  five-bar  magnet  carried,  when  first  mag¬ 
netized,  and  before  the  conductor  was  removed, 
21  lbs.;  but  after  the  contact  had  been  broken 
it  would  only  sustain  13  to  14  lbs.  The  fifteen- 
bar  magnet  received  a  sustaining  power  of  33 
lbs.,  which  fell  to  26  lbs.  after  the  breaking  of 
the  contact.  These  powers,  I  considered  very 
unequal  to  what  was  to  have  been  expected  from 
the  number  of  the  bars,  the  quality  of  steel,  and 
the  mode  of  construction.  The  effect  of  reducing 
the  extreme  hardness,  therefore,  became  an 
important  inquiry. 

I  commenced  with  the  five-bar  magnet,  and 
having  determined  the  maximum  sustaining 
power  of  each  bar  in  its  original  state,  by  a 
spring  balance,  I  placed  the  several  bars  in 
heated  oil,  subjecting  each  one  to  a  different 
temperature;  viz.,  one  to  that  of  300°,  and 
others  to  the  several  temperatures  of  350°,  400°, 
450°,  and  500°.  On  their  attainment  of  the 
desired  heat  respectively,  they  were  plunged 
into  cold  oil.  The  sustaining  powers  were 
again  determined,  and  found  to  be  improved, 
especially  in  those  that  had  been  subjected  to 
the  highest  temperatures.  The  power  of  the 
five  bars,  when  combined  together,  was  like¬ 
wise  ascertained,  and  found  to  be  considerably 
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augmented.  Their  retentiveness,  with  a  view  to 
further  comparison,  was  also  proved  by  the  degree 
of  energy  remaining  in  each  after  being  separated. 

The  same  bars  were,  in  the  next  place,  all 
subjected  to  an  uniform  temperature  in  oil 
heated  to  480°  of  Fahrenheit’s  scale,  and  their 
powers  separately,  in  combination,  and  after 
their  being  again  taken  asunder,  determined  as 
before.  But  as  the  powers  did  not  prove  to  be 
uniform,  and  as  the  bar,  which  had  been  heated 
to  500°,  was  much  more  powerful  than  the  rest, 
a  further  experiment  was  made  by  subjecting 
the  whole  to  the  same  maximum  temperature  of 
about  500°.  Still,  however,  the  powers  of  the 
several  bars  were  not  so  generally  accordant 
as  was  to  have  been  expected, — the  first  three 
in  the  series  being  found  to  be  feebler  than  the 
remainder,  as  if  they  had  not  been  heated  fullv 
to  the  required  temperature.  And  this,  doubtless, 
from  a  defect  in  the  experiment,  was  the  fact. 

A  fourth,  and  final,  experiment  was  therefore 
made,  by  placing  the  bars  again  in  the  oil, 
and  heating  it  up  to  500°  (or  rather  505°,  the 
temperature  which  the  oil  ultimately  attained), 
and  keeping  up  the  temperature  for  about  a 
quarter  of  an  hour  before  the  removal  of  the 
bars.  Hence  there  was  every  reason  to  believe, 
as  the  results  indicated,  that  the  bars  had 
acquired  the  same  temperature  as  the  oil. 
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The  results  of  these  several  experiments  are 
exhibited  together  in  the  following  Table. 


Table  XXXIV. 


No. 

of  the 

Bar. 

Maxi¬ 

mum 

Powers 

in 

the  hard 
state  h. 

Powers  after  Annealing. 

Powers  after  Annealing. 

Tempera¬ 
ture  of 

the  Oil. 

Maxi¬ 

mum 

Power 
of  each 
Bar. 

Power 

as  re¬ 
duced 
by  com 
bina¬ 
tion. 

Tempera¬ 
ture  of 

the  Oil. 

Maxi¬ 

mum 

Power 
of  each 

Bar. 

Power 
as  re¬ 
duced 
by  com¬ 
bina¬ 
tion. 

First  Annealing. 

Second  Annealing. 

lbs. 

0 

lbs. 

lbs. 

O 

lbs. 

lbs. 

I 

2-5 

300 

3*2 

2*0 

480 

5-9 

2-9 

2 

2-5 

350 

3-4 

1-9 

480 

6-4 

3-9 

3 

3-5 

400 

4*4 

2*1 

480 

5-8 

3-6 

4 

1 

2*3 

450 

6-0 

4-0 

480 

8*0 

4-5 

5 

3*5 

500 

8-5 

6-0 

480 

9-2 

5-9 

Mean 

2-9 

400 

5-1 

3*2 

480 

7*0 

4*2 

Third 

Annealing. 

Fourth  Annealing. 

1 

2*5 

500 

7’2 

Not 

505 

7*9 

Not 

2 

2*5 

500 

7-4 

tried. 

505 

8*6 

tried. 

3 

3-5 

500 

6*8 

— 

505 

7*3 

— 

4 

2-3 

500 

8*0 

— 

505 

9-7 

— 

5 

3-5 

500 

8*7 

— 

505 

8*7 

— 

Mean 

2-9 

500 

7*6 

— 

505 

8*4 

— 

It  should  be  observed,  however,  that  the 
sustaining  powers  of  the  several  bars,  as  here 
represented,  can  only  be  considered  as  proxi¬ 
mate;— as  this  mode  of  trial  of  the  power  of 
magnets  is  liable  to  so  many  differences  from 
the  varieties  of  surface,  size,  and  degree  of 
softness  and  quality  of  the  conductors;  as  also 
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from  the  measure  of  accuracy  with  which  the 
surfaces  of  the  magnet  and  conductor  fit  each 
other,  as  well  as  from  the  direction  of  the  strain 
by  which  the  adhesion  of  the  conductor  is  tried. 
But,  in  order  to  the  obtaining  of  results  as  satis¬ 
factory  as  possible,  two  rules  were  observed  :  — 
1st.  To  take  that  amount  of  tension,  as  the  proper 
power  of  the  magnet,  which  could  be  sustained 
after  the  contact  of  the  conductor  with  the  magnet 
had  been  at  least  once  broken  after  any  repe¬ 
tition  of  the  magnetizing  process:  and  2dly,  to 
take,  as  the  maximum  power,  generally,  the 
highest  power  that  had  been  twice  obtained. 

The  gradual  advancement  of  the  average 
attractive  powers  of  this  series  of  five  horse-shoe 
bars,  by  annealing  at  successively  higher  tem¬ 
peratures,  up  to  that  of  505°,  is  very  striking 
and  conclusive.  For  here  we  find  the  mean 
power  of  each  bar  of  the  series  which,  when 
quite  hard  (II),  was  represented  by  the  sustain¬ 
ing  of  a  weight  of  2*9  lbs.,  increased,  when 
annealed  at  an  average  temperature  of  400°,  to 
5*1  lbs.;  at  480°,  to  7*0  lbs.;  at  somewhat  less 
than  500°,  to  7*6  lbs.;  and  when  annealed  at 
505°,  increased  to  8*4  lbs.  The  reasons  for  going 
no  further  in  the  reduction  of  hardness,  we  shall 
see  immediately. 

The  total  lifting  power  of  this  magnet,  in 
its  final  condition,  was  25  to  26  lbs.,  after  the 
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repeated  removal  of  the  conductor.  On  the  first 
trial,  after  being  re-magnetized,  it  sustained  a 
weight  of  above  38  lbs.,  before  the  conductor 
separated. 

Thus,  by  this  measure  of  annealing,  we  find 
that  the  separate  powers  of  the  bars  were  trebled, 
and  the  permanent  power  of  the  magnet,  as  a 
whole,  was  doubled.  The  sustaining  powers,  in 
comparison  of  the  weights  of  the  magnets,  were 
equally  satisfactory; — the  entire  magnet  being 
now  found  capable  of  supporting  nearly  nine 
times  its  own  weight,  permanently,  and  each  of 
the  bars,  separately,  about  fifteen  times  their 
weight  respectively. 

Such  was  the  satisfactory  nature  of  the  results 
progressively  obtained  in  the  experiments  on 
the  annealing  of  a  five-bar  magnet  of  the  horse¬ 
shoe  form,* — that  I  was  encouraged  to  proceed 
to  treat,  after  a  similar  manner,  the  large 
magnet  of  fifteen  bars.  The  first  trial  of  the 
effect  of  annealing  on  this  instrument  was  made 
along  with  the  other  in  the  third  experiment. 
The  result,  however,  was  not  conclusive.  For 
the  thermometer  having  risen  rapidly,  and  the 
boiler  having  been  removed  from  the  fire,  on 
the  first  indication  of  a  heat  of  500°,  and  the 
magnets  immediately  taken  out,  the  full  degree 
of  temperature  intended  had  not  been  acquired 
by  the  steel.  Hence  these  fifteen  bars,  which, 
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in  their  originally  hard  state,  possessed  a  lifting 
power,  on  an  average,  of  about  2*5  lbs.,  only 
increased,  in  their  mean  magnetical  power,  to 
about  5  lbs.,  or  double  their  former  energy, — 
whilst  some  of  the  bars  of  the  smaller  magnet 
(that  of  five-bars),  annealed  more  fully,  had 
their  original  power  more  than  trebled. 

Subjecting,  therefore,  these  fifteen  bars  to  the 
final  annealing,  where  the  temperature,  which 
rose  at  a  maximum  to  505°,  was  kept  up,  betwixt 
that  and  500°,  for  above  a  quarter  of  an  hour, 
—  the  effect,  as  to  the  augmentation  of  the 
magnetic  capacity  of  the  bars,  separately,  was 
quite  satisfactory.  For  now  each  bar,  when  fully 
magnetized,  was  capable  of  sustaining  a  tension, 
as  measured  by  the  spring-balance,  of  from  7 
to  9  lbs.  (in  one  instance  a  tension  of  10  lbs. 
was  borne), — the  general  average  being  about 
7*5  lbs. 

These  bars,  when  combined  as  one  magnet, 
were  found  to  have  derived  a  satisfactory  aug¬ 
mentation  of  energy.  The  original  permanent 
power  of  this  magnet,  when  quite  hard,  was 
only  adequate  to  the  support  of  about  2G  lbs. ; 
but  now,  after  numerous  trials,  and  the  repeated 
breaking  of  the  contact  of  the  conductor,  it  would 
readily  sustain  45  to  50  lbs.;  a  weight,  which,  on 
one  trial,  was  gradually  augmented  to  56’6  lbs., 
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before  the  load  fell,  being  seven  times  its  own 
weight.* 

The  loss  of  power  in  this  magnet,  by  the 
combination, — indicated  by  the  difference  be¬ 
twixt  the  aggregate  sustaining  powers  of  the 
bars  separately,  and  that  of  the  bars  combined 
as  one  magnet, — was  just  about  one-half:  the 
loss,  by  combination  of  the  bars,  in  the  five-bar 
magnet,  was  about  three-eighths. 

From  the  great  quantity  of  power  lost  by 
combination  in  the  large  magnet,  with  the  dis¬ 
advantageous  effect  (apparently)  of  the  last 
annealing  of  bar  No.  5,  Table  xxxiv.,  I  inferred 
that  the  large  magnet  had  been  annealed  at  a 
maximum,  if  not  beyond  a  maximum,  temper¬ 
ature,  for  its  best  efficiency. 

Thus  the  existence  of  a  remarkable  anomaly 

*  The  proportion  of  load  to  the  weight,  carried  by  the 
two  magnets  by  Messrs.  Stubs,  after  being  annealed,  as  has 
been  described,  shews,  I  think,  that  they  are  very  superior 
instruments.  My  large  horse-shoe  magnet  of  nine  bars, 
weighing  22  lbs.,  will  only  retain  a  permanent  sustaining 
power  of  betwixt  three  and  four  times  its  own  weight;  and 
a  compound  magnet  of  seven  bars,  by  Dr.  Schmidt,  weigh¬ 
ing  16  lbs.,  belonging  to  the  Royal  Institution,  London, 
which  was  supposed,  I  believe,  to  be  a  superior  instrument, 
now  sustains  but  28  lbs.,  not  twice  its  own  weight;  originally, 
however,  the  sustaining  power  was,  no  doubt,  very  much 
greater,  it  having  been  long  in  use,  and  by  no  means  care¬ 
fully  treated. 
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betwixt  the  effects  of  annealing  on  large  combi- 

o  o 

nations  of  straiglit-bar  magnets,  and  on  similar 
combinations  of  magnetic  bars  of  the  horse-shoe 
fonn,  or,  in  other  words,  the  existence  of  this 
singular  difference,  that  extreme  hardness,  which 
is  of  so  decided  an  advantage  in  the  one  case, 
should  have  a  contrary  effect  in  the  other, — 
seemed  to  be  satisfactorily  established. 

The  cautious  philosopher,  however,  it  occurred 
to  me,  might  here  question,  whether,  in  the 
quality  or  kind  of  steel  made  use  of  in  the  con¬ 
struction  of  these  horse-shoe  magnets,  there 
might  not  possibly  be  some  peculiarity  not 
belonging  to  the  steel  employed  in  any  of  the 
great  variety  of  experiments  hitherto  made,  by 
which  the  benefit  of  extreme  hardness,  in  con¬ 
siderable  combinations  of,  or  masses  in,  straight- 
bar  magnets,  had  been  determined? 

A  conclusive  experiment  was  undertaken  with 
reference  to  this  question.  I  ordered  from  the 
manufacturers  of  the  horse-shoe  magnets  (who 
also  were  the  manufacturers  of  the  steel  of  which 
they  were  composed),  five  straight  bars,  similar 
in  all  respects,  except  as  to  form,  to  those  of  the 
five-bar  liorse-shoe  magnet.  Fortunately  I  was 
enabled  to  procure  them  exactly  as  I  required , — 
of  the  same  quality  of  steel  as  that  out  of  which 
the  other  magnets  had  been  made,  c  it  off  a  bar 
of  the  same  size,  rolled  out  of  the  same  ingot, 
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and  hardened  by  the  same  workman,  precisely 
in  the  same  manner.  Each  of  them  measured 
twelve  inches  long,  one  inch  broad,  and  three- 
sixteenths  thick.  These  straight  bars,  not  being 
polished,  were  a  little  heavier  than  the  others, — 
the  total  weight  of  the  live  being  3*164  lbs., 
instead  of  2*914  lbs.,  and  the  difference  of  the 
weight  of  the  bars,  separately,  about  250  grains. 

These  five  straight  bars,  whilst  in  their  con¬ 
dition  of  extreme  hardness,  were  magnetized  by 
the  pair  of  15  inch  busk-magnets  of  192  plates, 
so  as  to  have  the  maximum  power  developed  of 
which  they  were  susceptible.  Tried  separately, 
their  action  on  the  compass,  at  two  lengths 
distance,  produced  a  mean  deviation  of  17°  40'; 
and  their  total  powers,  when  in  combination,  a 
deviation  of  35°  42'. 

These  bars  were  then  subjected  to  the  anneal¬ 
ing  process,  at  a  temperature  of  505°,  and  kept 
about  that  temperature  for  15  or  20  minutes. 
Their  powers,  when  again  magnetized,  were 
found,  exactly  as  had  been  expected,  to  be 
increased  when  tried  separately ,  but  diminished 
when  tried  in  combination  :  their  separate  devia¬ 
tions  being  now,  on  an  average,  19°  9',  and  their 
united  influence  34°  22'.  The  effect  of  the  test¬ 
ing,  on  their  respective  powers  after  the  combi¬ 
nation,  was  not  quite  so  conclusive,  there  being 
an  apparent  gain,  on  the  average,  of  about  two 
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per  cent.  But,  then,  the  test  was  not  in  both 
cases  the  same;  the  testing  being  the  effect  only 
of  the  united  powers  of  the  set  of  bars,  which,  in 
the  latter  case,  being  weaker  than  in  the  former, 
might  occasion  the  small  apparent  discrepancy 
in  this  quality  of  the  bars  in  their  two  conditions 
of  hardness. 

Still,  in  regard  to  the  real  object  of  inquiry, 
the  experiments  with  the  five  straight  bars,  in 
their  two  conditions  of  hardness,  H  and  A,  were, 

I  conceive,  quite  conclusive.  For  they  were  in 
strict  accordance  with  the  law  so  often  demon- 
strated  in  this  work, — that  extreme  hardness,  in 
considerable  combinations  of  magnetic  plates  or 
bars,  is  the  most  favourable  condition  for  the 
obtaining  of  the  highest  degree  of  energy. 

Hence  this  important  result,  as  to  the  reality 
of  the  foregoing  conclusion,  of  a  certain  change 
in  the  form  of  a  magnet  occasioning  a  complete 
reversion  of  the  conditions  requisite  for  the  highest 
energy,  is  obtained.  For  comparing  the  results 
of  these  two  series  of  experiments,  in  which 
combinations  of  magnets  were  employed  in  all 
respects  the  same,  except  as  to  form, — we  arrive 
at  the  conclusion  sought  to  be  established:  viz., 
That  the  extreme  hardness  which  contributed 
to  the  maximum  power  of  the  combination  of 
magnets  in  the  straight-bar  form,  detracted  from 
the  power  of  a  corresponding  combination  in  the 
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horse-shoe  form;  and  that  the  same  degree  of 
annealing  which  doubled  the  power  of  the  series 
in  the  latter  form,  actually  diminished  the  energy 
of  the  series  in  the  other  form. 

The  investigations  of  this  and  the  two  preced¬ 
ing  chapters,  as  a  whole,  go  far  towards  the  satis¬ 
factory  determination  of  the  important  inquiry 
proposed  at  the  outset  of  chapter  v. — as  to  the 
best  quality,  denomination  and  temper  of  steel, 
for  each  of  the  different  limited  masses  or  com¬ 
binations,  requisite  to  be  employed  in  the  con¬ 
struction  of  directing  magnets  for  sea-compasses? 
They  likewise  yield  results,  of  a  very  conclusive 
description,  which  are  applicable  to  magnetic 
instruments  and  apparatus  generally.  But,  it 
will  be  observed,  that  the  general  conclusions 
are  of  a  conditional,  rather  than  of  a  positive, 
character.  For  the  results  now,  as  well  as  here¬ 
tofore,  obtained,  are  demonstrative  of  the  fact, 
that  no  general  or  universal  answer  can  be  given 
to  the  question— What  is  the  best  denomination 
of  steel ,  or  ivhat  is  the  best  temper  or  degree  of 
hardness  for  magnetical  purposes  ?  For  denomi¬ 
nation,  and  mass,  and  hardness,  and  form,  are, 
severally,  qualities  of  varying  influence  in  their 
magnetical  relations — changing  the  comparative 
resultant  energy,  as  we  have  already  seen,  with 
the  changes  in  these  qualities,  according  to  the 
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peculiar  laws  of  magnetism,  and  their  mutual 
influences,  belonging  to  each  of  these  conditions 
respectively. 

Thus  each  case,  of  a  number,  where  there  are 
differences  in  quality  or  denomination  of  the 
steel,  of  mass  or  extent  of  combination,  of  hard¬ 
ness  or  of  form, — becomes,  in  certain  measure,  a 
special  case.  But  we  have  now  attained  to  such 
an  extent  of  information  on  these  various  influ¬ 
encing  qualities,  and  on  the  mode  in  which  they 
severally  and  unitedly  operate  on  the  magnetical 
powers  of  bars  or  plates  of  steel,  whether  single 
or  compound, — as  to  be  enabled,  on  the  state¬ 
ment  of  any  particular  requirement,  to  determine 
with  much  satisfactoriness  and  practical  facility, 
what  the  best  denomination  and  quality  of  steel, 
and  what  the  best  degree  of  hardness,  for  such 
a  magnet,  actually  are.  For  the  various  propo¬ 
sitions,  derivable  from  the  foregoing  investiga¬ 
tions,  which  are  here  thrown  into  the  usual  form 
of  General  Results — will  be  found,  I  expect,  to 
comprise  the  great  majority  of  cases  likely  to 
occur  in  Practical  Magnetics;  whilst  principles 
will  be  found  developed,  I  hope,  calculated  to 
afford,  by  close  analogy,  some  useful  measure  of 
guidance  in  all.  In  these  Results,  I  may  add, 
will  be  found  embodied  certain  additional  facts 
derived  from  the  experiments  of  this  chapter, 
which  do  not  altogether  appear  in  the  printed 
tables. 
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The  three  preceding  chapters,  iv.  v.  and  vi., 
comprise  the  examination  of  the  magnetical 
properties  of  a  considerable  variety  of  specimens 
of  steel  of  various  qualities,  of  different  denomi¬ 
nations,  and  in  the  several  conditions  betwixt 
that  of  extreme  hardness  (H),  and  that  produced 
by  annealing  in  boiling  linseed  oil  (AB).  The 
measure  and  kind  of  knowledge  hereby  acquired, 
in  respect  to  the  phenomena  of  magnetism  in 
plates  and  bars  of  steel,  will  be  the  most  con¬ 
veniently  epitomised,  compared  and  illustrated, 
in  our  usual  method  of  results.  Some  of  these 
investigations,  indeed,  are,  in  substance,  similar 
to  others  already  described;  but  not  in  all  the 
circumstances  connected  with  the  experiments. 
For  in  each  case,  whether  entirely  new,  or  in 
a  great  measure  corresponding  with  what  has 
gone  before,  there  will  be  found  certain  dif¬ 
ferences,  the  knowledge  of  the  effects  of  which 
was  requisite,  in  order  to  the  determination  of 
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the  nature  and  measure  of  importance  of  all  the 
circumstances  affecting  the  magnetic  energy  in 
permanent  artificial  magnets. 

To  facilitate  the  comparison  of  the  effects  of 
denomination  and  quality  on  the  capacity  for, 
and  tenaciousness  of,  the  magnetic  condition  in 
hard  steel  [temper  H],  I  here  prefix  a  table 
comprising  a  new  investigation  made  with  a 
selection  out  of  the  foregoing  varieties  of  steel, 
comprising  all  the  more  characteristic  differ¬ 
ences,  with  the  comparative  degrees  of  the  re¬ 
tentiveness,  as  determined  by  an  uniform  testing 
of  all  the  plates  under  the  same  exact  measure 
of  violence.  Column  i.  will  readily  shew  to 
what  set  of  plates,  and  column  u.  to  what  class, 
each  of  the  different  plates  belongs. 
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Table  XXXV. — General  Results  concerning 
the  Effects  of  Denomination  and  Quality  on 
the  capacity  for,  and  tenaciousness  of,  the 
Magnetic  Condition  in  straight  Bars  and 
Plates  of  Hard  Steel, — Temper  H. 


Set  of 

Class 

of 

Steel 

Plates. 

Weight 

in 

Maximum  Power. 

After  Testing  under 
Power  of  50°  40'. 

Plates. 

Grains. 

Deviation. 

Tangent. 

Deviation. 

Tangent. 

i. 

11. 

hi. 

IV. 

V. 

VI. 

VII. 

I. 

cs. 

986 

O  ' 

22*30 

414 

18-45 

339 

— 

— • 

— 

21*4 

385 

18-24 

333 

X. 

C.cf. 

943 

25-28 

476 

0-15 

4 

— 

— 

C~ 

25-12 

471 

0*48 

14 

VIII. 

C.  b. 

979 

27-25 

519 

17-23 

313 

— 

— 

— 

27*12 

514 

14-22 

256 

Y. 

CL. 

952 

20-37 

376 

18*0 

325 

— 

— 

— 

21-42 

399 

18*40 

338 

IV. 

CS. 

607 

11-25 

202 

8-0 

141 

— 

— 

— 

12-0 

213 

9-10 

161 

* 

c. 

700 

12*50 

228 

10-44 

190 

— 

15*5 

270 

12-38 

224 

XXV. 

CM. 

394 

7-50 

138 

6-22 

112 

— 

— - 

• — • 

8-50 

155 

7-22 

129 

11. 

SS. 

890 

23-37 

437 

13-13 

235 

— 

— 

— 

21-15 

389 

13*0 

231 

III. 

ss. 

632 

16*38 

299 

2-5 

36 

— - 

— 

638 

17-20 

312 

2-12 

38 

*  * 

B.cf. 

640 

16*26 

295 

12-38 

224 

*  * 

— 

— 

15-58 

286 

12-30 

222 

The-Plates  marked  *  column  i.  were  from  an  undescribed  quality 
of  Cast  Steel.  Those  marked  **  of  Blister  Steel  from  commonest 
Foreign  Iron. 
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The  various  results,  derivable  from  the  inves¬ 
tigations  of  the  three  preceding  chapters,  may, 
with  respect  to  straight  bars  and  plates,  be  con¬ 
veniently  arranged  under  five  classes  ;  besides 
the  'peculiar  results  as  to  magnets  of  the  horse¬ 
shoe  form.  And  it  will  be  important  to  observe, 
that  the  results  belong  to  the  particular  dimen¬ 
sions  and  masses  of  steel  herein  employed  (the 
length  being  uniformly  7*5  inches  or  6  inchesj, 
or  to  combinations  of  plates  of  like  sizes.  For 
facility  of  description  and  reference,  I  may  dis¬ 
tinguish  three  classes,  as  to  mass  or  thickness:  — 
thin  plates,  such  as  those  designed  for  compound 
compass-needles,  being  of  the  description  em¬ 
ployed  in  Tables  xm.  to  xxv.  ; — medium  plates, 
such  as  those  employed  in  the  investigations  of 
chapter  iv. ; — and  thick  plates  or  bars,  being  of 
a  mass  greater  than  the  preceding.  In  7*5  inch 
plates,  the  thin  kind  would  extend  up  to  about 
500  grains  weight ;  the  medium  from  500  to 
1500;  and  the  thick  from  1500  grains  upwards. 
In  6  inch  plates  about  half  these  weights. 

Were  more  accuracy  needful,  the  proportion 
which  the  area  of  the  end,  or  transverse  section, 
of  a  bar,  bears  to  the  superficial  area  of  the  four 
sides,  might  afford  a  mode  of  discriminating, 
proportionally,  the  relative  masses,  whatever 
might  be  their  lengths. 
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Sect.  I. — Results  in  respect  to  Difference  of 
denomination  in  the  same  quality  of  Hard 
Steel. 

In  speaking  of  hard  steel  (H),  or  of  u steel  quite  hard” 
it  should  be  understood,  that  the  highest  degree  of  hardness 
produced  by  immersion,  at  a  bright  red  heat,  into  a  saturated 
solution  of  salt  and  water,  is  meant.  The  result  of  this 
process  on  cast-steel  corresponds  with  the  hardness  of  the 
best  files. 

1.  That  the  magnetic  capacity  differs  in  each 
denomination  of  hard  steel,  being  (as  shewn  in 
comparatively  small  masses)  the  lowest  in  deno¬ 
minations  susceptible  of  the  greatest  hardness. 

By  magnetic  capacity,  I  here  mean  the  measure  of  energy 
which  any  bar  or  plate  is  capable  of  receiving.  Thin  or 
medium  bars  or  plates  exhibit  their  relative  capacities, 
in  a  considerable  degree,  by  their  sustaining  as  well  as 
their  recipient  capabilities. 

The  capability  of  sustaining  the  tension  of  a  high  degree 
of  magnetic  energy,  it  has  been  already  shewn,  exists, 
in  the  case  of  large  masses,  under  different  conditions 
from  those  of  this  result,— where  the  ultimate  energy 
in  denominations  of  the  lowest  capacity  for  magnetism 
becomes  the  greatest,  by  virtue,  not  of  the  capacity,  but 
of  the  superiority  of  such  denominations  in  fixidity. 

Within  the  limits,  however,  of  the  masses  investigated 
in  the  three  preceding  chapters,  the  proposition  above 
stated  is  generally  borne  out :  in  the  case  of  the  thinner 
plates  the  result  is  always  found  consistent. 

2.  -  That  in  thin  and  medium  plates  made 
quite  hardy  shear  steel  possesses  a  higher  capa- 
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city,  and  exhibits  a  greater  energy  in  the  indi¬ 
vidual  plates ,  than  blister  or  cast  steel,  and  cast 
steel  the  least  of  all. 

In  the  comparison  of  hard  thin  plates,  such  as  those  of 
six  inches  in  length  of  100  to  200  grains  weight,  or  of 
7'5  inches  of  about  400  grains, — we  find  this  result 
constantly  maintained.  Thus,  in  regard  to  the  powers 
of  thin  G  inch  plates,  of  best  quality,  we  find  these 
mean  results: 


XVII. 

Cast  steel,  weight 

,  123  grains; 

mean  power,  5*40 

XIX. 

Shear  steel ,  11 

119 

u 

“  7*40 

And  in  7*5  inch  plates 

we  find 

: — 

XXII. 

Cast  steel ,  “ 

427 

a 

“  10*7 

XXV. 

Mint  steel  (cast) 

393 

u 

“  8-52 

XXIII. 

Shear  steel,  “ 

400 

it 

“  12*44 

In  the 

comparison  of  medium 

plates- 

— such  as  those  of 

7*5  inches  in  length,  weighing  800  to  1000  grains — 
we  find  the  powers  of  the  different  denominations  still 
supporting,  though  in  a  very  inferior  degree,  the  above 
proposition: — 

o  ' 

Table  i.  Cast  steel,  98G  grains;  mean  power  20*20 

ii.  Double  shear,  890  u  u  22*45 

Again,  v.  Cast  steel,  952  “  u  20*27 

vii.  Blister  steel,  982  “  “  22*G 

The  curves  belonging  to  these  three  denominations  of 
steel,  as  represented  in  diagram  No.  5,  shew,  that  the 
superiority  of  hard  shear-steel  over  hard  cast-steel 
continues  to  a  much  larger  extent  of  mass  or  combina¬ 
tion  than  1000  grains,  or  of  that  of  any  one  of  the 
plates  which  I  employed. 

3.  That  the  comparative  magnetic  powers  of 
different  denominations  of  steel  change  their 
relation  to  each  other  in  combination;  each  deno- 
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ruination,  under  powerful  combinations,  exhibit- 
ing  a  degree  of  effectiveness  according  (apparently) 
to  its  susceptibility  for  hardness. 

Thus  we  find  that  shear  steel,  which  exhibits  a  much 
higher  capacity  for  magnetism  in  thin  or  medium  plates 
than  cast  steel,  is  very  inferior  when  a  number  of  plates 
are  combined  together  as  one  magnet. 

In  the  case  of  Messrs.  Stubs’  peculiar  steel, — Tables  i.  and 
it.  shew  these  differences  very  satisfactorily,  betwixt  the 
powers  of  cast  and  shear  steel  in  combination. 

Six  plates  of  cast  steel ,  of  986  grains  each,  exhibited  in 
combination  a  deviating  power  of  53°  44';  wdiilst  six 
plates  of  double  shear,  of  higher  magnetic  capacity  in 
the  separate  plates,  had  a  power  only  of  49°  O'. 

Again: — Six  plates  of  cast  steel  (Tables  v.  vi.  vn.)  from 
hoop-L  iron,  of  952  grains  weight  each,  evinced  a 
power  in  combination  of  55°  30'  in  one  set,  and  of 
54°  20'  in  another ;  whilst  six  plates  of  blister  steel ,  of 
982  grains  each,  exhibited  a  united  deviating  action  of 
51°  23'. 

Referring  to  diagram  No.  5,  we  observe  that  the  advan¬ 
tage  of  the  best  double  shear-steel  over  the  best  cast- 
steel,  when  both  are  quite  hard,  continues  up  to  the 
combination  of  about  three  medium  plates,  or  near  3000 
grains  weight  in  the  total  mass.  Beyond  this  measure  of 
combination,  the  cast-steel,  from  hoop-L  iron,  assumes 
its  characteristic  superiority. 

That  the  difference  betwixt  the  powers  in  combination  of 
the  cast  and  shear  steel  is  mainly  to  be  ascribed  to  their 
unequal  indurative  capabilities,  seems  strikingly  to  be 
indicated  by  their  respective  deterioration  in  the  indi¬ 
vidual  energy  of  the  plates,  by  the  effect  of  the  same 
degree  of  tension  or  violence  to  which  both  qualities 
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bad.  been  subjected.  Both  sets  of  plates  had  been 
subjected  to  a  magnetic  power  indicated  by  50°  40'  of 
deviation  (Table  xxxv.);  but  this  degree  of  violence, 
which  had  reduced  the  c«s/-steel  plates  (set  i.)  on  an 
average  from  21°  47'  to  18°  35',  produced  in  the  plates 
of  double  shear-steel  (set  ii.)  a  reduction  of  power 
from  22°  26'  to  13°  6'.  Tested  under  a  tension  of  71°  47', 
the  same  denominations  fell  in  still  greater  propor¬ 
tions;  the  cast  steel  on  an  average  from  20°  20'  to 
12°  6',  and  the  shear  steel  from  22°  45'  to  4°  58'  (p.  190). 

In  respect  to  the  apparent  difference  of  hardness  of  shear 
steel  and  cast  steel,  when  both  are  hardened  to  the 
utmost,  it  must  be  admitted  that  the  conclusion  is 
derived  rather  from  analogy,  with  reference  to  their 
respective  magnetical  properties,  than  from  direct  ex¬ 
periment.  It  is  possible,  therefore,  that  the  magnetical 
differences  may  be  owing  to  some  other  cause. 

4.  That  cast  steel ,  being  capable  (as  it  would 
seem)  of  the  greatest  hardness,  is,  as  a  denomi¬ 
nation,  the  most  effective  in  large  straight-bar 
magnets,  whether  consisting  of  single  massive 
bars,  or  of  considerable  combinations  of  plates 
or  bars. 

A  general  inspection  of  the  Tables  in  the  three  foregoing 
chapters,  and  of  the  diagrams  Nos.  5  and  6,  will  satis¬ 
factorily  support  this  proposition  as  to  the  relative 
efficiency  of  cast  and  shear  steel.  The  comparative 
efficiency  of  blister  steel  has  not  been  sufficiently  inves¬ 
tigated,  though  so  far  as  the  trial  of  one  set  of  plates 
may  be  relied  on,  its  relative  powers  have  been  pro¬ 
jected  in  the  diagram  No.  5. 

It  must  be  kept  in  mind,  however,  that  we  here  speak  of 
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the  comparison  of  steels  made  from  the  highest  qualities 
and  of  the  same  description  of  foreign  iron,  for  it  will 
be  seen  that  cast  steel  from  English  iron  possesses, 
apparently,  very  inferior  capabilities  for  hardness. 

Sect.  II.  —  Results  in  respect  to  Difference  of 

quality  in  the  same  denomination  of  hard 

Steel . 

5.  That  the  magnetical  properties  of  the  same 
denomination  of  steel  vary  with  the  qualities  of 
the  iron  out  of  which  the  steel  may  be  manufac¬ 
tured. 

This  general  proposition  has  been  discussed  in  Part  I.  of 
this  work,  and  constitutes  the  foundation  principle  on 
which  the  quality  of  steel  is  proposed  to  be  determined 
by  the  magnetical  test. 

6.  That  in  cast  steel  from  various  kinds  of 
iron,  the  steel  from  those  of  highest  repute  in 
commerce,  so  far  as  yet  tried,  exhibit  generally 
the  best  magnetical  properties. 

This  result  again  corresponds  with  the  views  already 
submitted;  and  so  far  as  my  experiments  have  yet 
proceeded,  have  been  satisfactorily  verified.  One  ex¬ 
ception  indeed,  as  to  the  value  in  the  market  of  a 
particular  “mark”  of  foreign  steel,  has  been  met  with, 
but  I  have  great  reason  to  believe  that  that  description 
of  foreign  iron  is  by  no  means  duly  estimated.  It 
bears  at  present  but  a  low  price  in  the  market,  whilst 
it  appears  to  possess  first-rate  qualities. 

The  general  inference  deducible  from  this  proposition  is, 
that  the  purest  iron  smelted  with  charcoal,  is  the  most 
valuable  for  the  manufacture  of  steel. 
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7.  That  cast  steel,  quite  hard,  from  the  first 
qualities  of  foreign  iron,  appears  to  be  the  best 
for  magnetical  purposes,  where  straight  bars 
are  employed,  and  where  considerable  energy  is 
required;  but  that  for  single  thin  or  medium 
plates,  the  cast  steel  from  Bradford  iron  exhibits 
first-rate  capabilities. 

This  result  is  drawn  from  the  experiments  given  in  Tables 
i.,  v.,  and  viii.  to  xii.  Taking  the  combination  of  each  set 
of  steel  plates  to  the  extent  of  six,  we  find  that  cast  steel 
from  the  commonest  foreign  iron  exhibited  a  total  power 
only  of  37°  15'  deviation  in  one  case  [Table  x.],  and  of 
still  less,  (28°  42'),  in  another  trial  of  the  same  plates 
after  re-hardening  [Table  xi.]  Cast  steel,  again,  from 
a  good  quality  of  foreign  iron,  yielded,  in  six  plates,  a 
power  of  49°  37'.  The  same  denomination  of  steel 
from  Bradford  iron  gave  a  power,  in  six  plates,  origi¬ 
nally  of  48°  40'  [Table  viii.],  and  after  re-hardening  of 
50°  O';  whilst  the  cast  steel  from  best  Swedish  hoop-L 
iron  sustained  the  magnetic  energy  in  six  plates  to  the 
extent  of  occasioning  a  deviation  in  the  compass-needle 
at  two  lengths  distance  of  55°  30'  in  one  set  [Table  v.  ], 
and  of  54°  20  in  another  set  [Table  vi.J  The  power 
yielded  by  Messrs.  Stubs’  peculiar  steel  was  somewhat 
lower,  being  53°  44'  [Table  i.]  The  small  differences 
in  the  weight  of  the  plates  have  not  been  taken  into 
account  in  these  comparisons,  not  being  considered  im¬ 
portant;  but  in  the  diagram  No.  5,  the  cast  steel  from 
hoop-L  iron  and  that  from  Bradford  iron  are  fully 
compared. 

In  regard  to  single  plates  of  thin  or  medium  masses,  the 
steel  from  Bradford  iron  exhibits,  as  shewn  both  in 
the  Tables  viii.  and  ix.,  and  in  the  diagram  No.  5, 
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an  observable  superiority,  which  superiority  is  main¬ 
tained  up  to  the  extent  of  a  combination  of  about  three 
plates,  comprising  a  mass  of  3000  grains  or  upward. 

Sect.  III. — Results  as  to  the  Changes  in  Magnetic 
Properties  produced  in  hard  Steel  (straight-bar 
or  ruler  form ),  of  different  Denominations  and 
Qualities ,  by  annealing  (AB.);  that  is,  reducing 
the  hardness ,  by  subjecting  the  Plates  to  the  heat 
of  boiling  Linseed  Oil. 

Some  of  the  results  under  this  head  may  appear  to  have 
been  anticipated,  in  substance,  by  those  at  the  end  of 
chapter  hi.  ;  but  as  the  present  deductions  refer  to  a  specific 
degree  of  reduction  of  hardness  on  various  kinds  of  steel, 
their  omission  would  have  rendered  the  series  of  investi¬ 
gations  incomplete. 

8.  That  the  annealing  of  hard  steel  plates 
or  bars  (being  the  same  thing,  in  effect,  as 
tempering),  changes  the  relative  positions  of 
the  different  denominations  of  steel  as  to  their 
magnetical  properties. 

The  slightest  examination  of  Tables  xxvii.  and  xxvm.  will 
be  sufficient  to  establish  this  proposition;  whilst  the 
inspection  of  diagram  No.  6,  will  shew  the  progress  of 
the  magnetic  changes  produced  by  annealing,  in  the 
degree  now  under  consideration,  in  two  denominations 
of  steel,  cast  and  shear ,  under  the  action  of  successive 
additions  of  magnetized  plates  in  combination. 

9.  That,  in  the  case  of  thin  plates,  each  kind 
and  denomination  of  steel  gains  power,  in  the 
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individual  capacity  of  hard  plates,  by  annealing 
in  boiling  oil ;  whilst  medium  or  thick  plates,  or 
combinations  of  plates,  generally  suffer  loss  by 
the  same  extent  of  reduction  of  temper. 

The  thin  plates  experimented  on,  consisted  of  (3  inch 
plates  of  119  to  242  grains  in  weight,  and  of  7*5  inch 
plates  of  394  to  590  grains.  In  every  kind,  amounting 
to  nine  varieties  either  of  quality  or  denomination,  the 
annealing  of  the  plates  occasioned  an  augmentation  in 
the  capacity  for  magnetism;  the  greatest  augmentation 
being  in  the  denomination  of  cast  steel.  See  Tables 
xxvii.  and  xxvm. 

In  the  case  of  medium  plates,  however,  such  as  those  of 
7  5  inches,  weighing  900  to  1000  grains,  a  loss  of 
power  was  occasioned  by  such  annealing  of  the  hard 
plates  in  every  one,  out  of  six  in  number,  whereon  the 
trial  was  first  made.  The  extent  of  loss  varied,  in  the 
different  kinds  of  steel,  from  about  2°  to  10°. — Table 
xxviii. 

In  subsequent  experiments  on  the  annealing  of  cast-steel 
medium  plates,  one  example  of  gain  occurred  to  the 
extent  of  3°  34'  deviation. 

When  the  effect  of  annealing  was  examined  on  larger 
masses — such  as  a  combination  of  those  of  medium ,  or 
even  of  the  thinner  plates — the  loss  of  power  by  the 
redaction  of  hardness  was  still  more  striking.  Thus 
two  plates  of  1005  grains  each  (cast  steel  from  Brad¬ 
ford  iron),  were  reduced  in  their  combined  deviating 
energy  from  38°  45'  to  20°  20',  by  being  annealed. 
Table  xxvm. — So  also,  in  the  case  of  the  thin  G  inch 
plates,  set  No.  xix.,  four  plates  of  shear  steel,  in  com¬ 
bination,  had  their  powers  reduced  by  annealing  from 
23°  20'  to  18°  40'. 
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10.  That  in  thin  single  plates,  shear  steel 
gains  slightly  and  cast  steel  greatly ,  by  annealing 
in  boiling  oil ;  whilst  in  considerable  combina¬ 
tions  of  plates,  shear  steel  suffers  much  more 
deterioration  in  its  magnetical  powers  than  cast 
steel. 

The  proportional  gain  of  cast  steel  over  shear  steel,  in 
single  plates,  by  annealing ,  is  shewn  in  Table  xxvn. 
Cast  steel,  in  thin  6  inch  plates,  is  there  found  to  gain 
about  60  per  cent.,  and  in  thin  7*5  inch  plates  about  60, 
separately;  whilst  shear  steel  of  like  dimensions,  only 
gains  about  24,  and  10  per  cent,  in  the  separate  plates. 
In  pairs  of  plates,  similar  cast  steel  plates  of  6  inches 
(being  less  in  mass,  proportionally,  than  the  7*5  inch 
plates),  gain  40  to  50  per  cent,  by  annealing,  and  the 
7*5  inch  plates  25  to  35  per  cent.:  whilst  shear  steel 
plates  in  pairs  of  like  dimensions  gain  but  from  1  to  15 
per  cent,  in  the  6  inch  plates  of  119  grains,  and  actually 
lose  from  10  to  15  per  cent,  by  annealing  in  the  7*5 
inch  plates  of  400  grains. — Table  xxvii. 

In  larger  combinations  than  that  of  pairs — the  cast  steel 
continues  to  exhibit  an  advantage  by  annealing,  up  to 
a  combination  of  about  7  to  8  plates;  the  curves  cross¬ 
ing,  in  the  case  of  the  7-5  inch  plates,  betwixt  the  seventh 
and  eighth  plate.  In  the  shear  steel,  the  curves,  it  will  be 
observed,  cross  a  little  beyond  the  first  plate. —Diagram 
No.  6. 

11.  That  the  superiority  of  shear  steel  over 
cast  steel,  as  exhibited  in  the  comparative  capa¬ 
city  of  the  two  kinds,  in  thin  or  medium  plates, 
hardened  in  a  similar  way,  is  apparently  owing 
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to  its  inferior  hardness,  which,  in  such  small 
masses,  is  favourable  to  capacity;  but  when  the 
cast  steel  is  reduced  by  annealing,  or  tempering, 
to  a  similar  measure  of  tenaciousness  of  the 
magnetic  condition,  or  correspondency  of  hard¬ 
ness,  (?)  then  the  apparent  superiority  of  the 
shear  steel  mainly  disappears. 

In  this  proposition,  the  results  given  in  Nos.  2,  4,  and 
some  others,  are  generalized,  and  the  effect  of  annealing 
on  cast  steel  added  thereto. 

12.  That  in  the  process  of  annealing,  no 
difference  is  found  in  the  resulting  magnetic 
capacity  of  steel  plates,  whether,  after  being 
subjected  to  the  heat  of  boiling  linseed  oil,  they 
are  cooled  suddenly  or  slowly. 

For  the  determination  of  this  fact,  which  might  have 
been  of  much  practical  importance,  a  variety  of  expe¬ 
riments  made  on  two  different  occasions  were  instituted, 
which  are  briefly  described  in  the  text  of  the  foregoing 
chapters;  the  results  have  been  reserved  for  this  place. 

In  this  investigation  double  sets  of  thin  and  medium  plates 
were  employed,  some  of  6  and  others  of  7*5  inches  in 
length.  On  the  first  trial  these  consisted  of  six  varieties, 
and  on  the  second  of  nine  varieties,  of  the  plates  pre¬ 
viously  made  use  of  in  the  experiments  referred  to  in 
the  tables  of  the  last  three  chapters.  A  careful  exami¬ 
nation  of  Table  xxvn.,  in  which  is  registered  the  first 
series  of  experiments,  will  verify,  I  think  very  satis¬ 
factorily,  the  above  proposition. 

The  powers  of  each  set  in  pairs,  when  compared  after 
being  annealed,  shew,  indeed,  a  very  slight  inferiority 
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in  the  plates  cooled  slowly  (col.  ix.,  Table  xxvm):  but 
on  comparing  the  resulting  powers,  after  application  to 
the  test-bar  (col.  x.),  we  find  an  equivalent  compensa¬ 
tion  in  the  superior  endurance  of  the  test,  in  the  last 
four  sets  of  plates.  And  in  the  second  series  of  ex¬ 
periments  (Table  xxvm.),  we  find  the  rule  still  further 
confirmed,  and  the  apparent  objection  just  noticed 
further  weakened,  by  the  fact— -that,  in  a  comparison 
of  the  sets  xxn.  and  xxiv.,  those  plates  which  were 
cooled  slowly,  after  being  annealed,  exhibited  a  some¬ 
what  larger  capacity,  both  singly  and  in  pairs,  than 
those  which  were  plunged  into  cold  oil. 

13.  That  the  measure  of  reduction  of  hardness 
which  takes  place  on  the  annealing  of  hard 
steel  plates  or  bars,  depends  on  the  degree  of 
heat,  not  on  the  method  of  cooling,  to  which  the 
steel,  during  the  process,  is  exposed. 

This  proposition  we  obtain,  by  simple  inference,  from  the 
illustrative  notes  under  the  preceding  one. — Whether, 
however,  the  degree  of  reduction  in  temper,  exactly 
corresponds  in  plates  or  bars  of  different  proportional 
masses,  has  not  been  determined.  Some  very  thin 
plates,  indeed,  appeared  to  have  lost  more  of  their 
hardness  by  the  annealing  than  the  others,  and  more 
than  was  due  to  the  degree  of  heat  to  which  they  had 
been  subjected:  but  in  this  case  the  quality  of  the  steel 
might  have  been  injured  in  the  process  of  hardening, 
or  the  original  hardness  might  have  been  inferior  in 
these,  to  that  of  the  other  plates  with  which  they  were 
compared. 

14.  That  no  essential  difference  was  observed 
in  the  effect  of  the  annealing  process,  whether 
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the  hard  steel  was  immersed  in  the  boiling  oil 
only  for  a  minute  or  two  of  time,  or  for  as  many 
hours;  provided,  only,  the  steel  had  become 

duly  heated  throughout  its  substance. 

This  proposition  is  founded  on  the  examination  of  the 
effects  of  annealing  in  sets  xvn.  xvm.  xxii.  and  xxiv., 
as  exhibited  in  the  two  cases  of  Tables  xxvii.  and 
xxviii.;  and  also,  in  the  comparison  of  sets  xxii.  and 
xxiv.  in  the  two  sections  of  Table  xxviii.  Tn  the  first 
instance  we  have  the  case  of  the  plates  being  put  into 
verv  hot  oil,  and  remaining  therein  nearly  two  hours, 
whilst  it  was  gradually  advancing  to  the  boiling  point, 
in  comparison  with  the  exposure  of  plates  of  the  same 
set  to  the  heat  only  for  two  minutes,  and  that  whilst 
the  oil  was  boiling.  In  the  second  instance  we  have 
similar  plates,  brought  into  comparison,  when  one  part 
or  selection  had  been  immersed  for  thirty  minutes,  the 
other  only  two  minutes  in  the  boiling  oil. 

15.  That  when  magnetized  plates  or  bars  are 
subjected  to  the  process  of  annealing,  the  effect 
on  their  original  energy  appears  to  be  somewhat 
deteriorating, — slightly  so  in  the  case  of  best 
cast  steel,  and  considerably  so  in  the  case  of 
shear  steel. 

The  impracticability  of  keeping  the  plates  and  bars  free 
from  the  influence  of  each  other,  when  placed  in  the 
same  vessel,  though  adjusted  generally  in  pairs  with 
diverse  poles  in  contact,  renders  this  result  not  very 
conclusive. 

In  the  case  of  cast-steel  plates,  of  the  sets  xvii.  xvm. 
xxii.  xxiv.,  the  average  loss  of  power  observed  on  the 
completion  of  the  process  (the  power  being  previously 
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reduced  by  testing,  as  shewn  in  col.  vn.,  Table  xxvn.), 
was  about  seven  per  cent.  But  the  sbear-steel  plates 
(from  sets  xix.  and  xxm.,  Table  xxvn.)  lost,  on  an 
average,  about  24*5  per  cent.  This  large  amount  of 
loss,  however,  might  probably  have  been  partly  occa¬ 
sioned  by  the  deficiency  in  the  property  of  fixidity  in 
the  annealed  shear  steel,  whereby  unfavourable  contact 
with  the  more  powerful  plates  of  cast  steel  would  have 
a  highly  deteriorating  influence. 

Sect.  IV. — Effects  of  annealing  on  the  Energy 
of  hard  straight-bar  or  plate  Magnets ,  at 
degrees  of  Temperature  inferior  to  that  of 
Boiling  Oil . 

16.  That  the  annealing  of  thin  and  medium 
plates,  whether  of  best  cast  steel  or  shear  steel, 
at  temperatures  not  exceeding  400°,  seems  to 
produce  no  material  change  in  their  individual 
magnetical  capacity;  though  a  sensible  dete¬ 
rioration  in  their  tenaciousness  of  the  magnetic 
condition  begins  to  take  place  below  such 
temperature. 

Comparing  the  deviations  given  in  columns  i.  and  v.  in 
Tables  xxix.  to  xxxm.  inclusive,  in  the  experiments 
on  annealing  at  the  three  temperatures  of  300°,  350°, 
and  400°,  we  find  only  a  gain  of  about  1°  10'  in  the 
whole, — indicating  a  proportional  augmentation,  by  the 
annealing  of  these  various  plates,  not  exceeding  a  two- 
hundredth  part  of  the  original  magnetical  capacity. 

17.  That,  annealed  at  temperatures  above  400°, 
both  medium  and  thin  plates  of  best  cast-steel , 
gain,  singly,  in  magnetical  capacity;  the  thin 
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plates  in  an  increasing  ratio  up  to  the  boiling 
temperature,  and  the  medium  plates  attaining 
a  maximum,  at  the  temperature  of  about  500°, 
but  these  medium  plates  falling  at  the  boiling 
heat  so  as  to  approximate  the  capacity  in  the 
original  hard  state. 

It  is  shewn,  in  Result  No.  9,  that  medium  plates  of 
steel  of  the  various  qualities  and  denominations  yet 
subjected  to  experiment,  generally  lose  by  the  process 
of  annealing  at  the  boiling  temperature.  In  the  case 
of  best  cast-steel,  however,  in  7#5  inch  plates  of  about 
1000  grains,  the  resulting  capacity  for  magnetism,  after 
annealing  at  a  boiling  heat,  does  not  appear  to  be 
materially  different  from  that  of  the  original  hard  state. 
In  one  experiment,  Table  xxvm.,  such  a  plate  suffered 
a  loss  of  nearly  2°  by  the  annealing;  and  in  another, 
Table  xxx.,  there  was  a  gain  of  3°  34',  in  the  deviating 
power,  after  being  subjected  to  the  like  treatment. 

Cast  steel  from  English  iron,  or  common  foreign  iron, 
seems  to  follow  the  law  of  shear  steel  very  nearly, 
having  the  highest  capacity  for  magnetism,  except  in 
very  thin  plates,  when  quite  hard. 

18.  That  hard  shear  steel ,  annealed  at  tem¬ 
peratures  above  400°,  seems  to  gain,  though  very 
slightly,  in  capacity,  in  single  thin  plates,  up  to 
the  boiling  temperature;  but  loses  very  con¬ 
siderably  in  pairs  of  plates  at  the  higher  tem¬ 
peratures.  In  medium  plates,  any  reduction  of 
the  extreme  hardness  (unless  such  as  might 
result  from  the  lowest  temperatures)  appears  to 
deteriorate  their  capacity,  singly,  for  magnetism, 
and  very  greatly  so  in  combination. 
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The  gain  of  power  by  annealing  in  thin  shear-steel  plates, 
when  tried  at  various  temperatures,  was  only,  on  an 
average,  0°  32'  (Table  xxxii).  The  greatest  gain,  in 
any  one  instance,  did  not  exceed  1°  30',  or  about  12  per 
cent.  The  same  pair  of  plates,  however,  in  which  this 
gain  in  their  separate  capacity  was  exhibited,  were  found 
to  have  lost  a  still  greater  proportion  of  their  united 
powers,  when  in  combination. 

In  the  case  of  shear-steel  plates,  betwixt  the  thin  and 
medium  weights  (Table  xxix.),  there  was  a  general 
loss,  on  the  average,  in  the  powers  of  the  single  plates, 
by  annealing  at  all  the  different  temperatures.  In  a 
shear-steel  medium-plate  of  912  grains  (Table  xxvm.) 
the  loss  by  annealing  was  much  more  considerable. 

19.  That  the  annealing  of  any  plates  or  bars 
of  a  straight  or  ruler  form  (designed  for  mag- 
netical  instruments),  whatever  be  their  denomi¬ 
nation  or  quality,  is  always  injurious  to  their 
tenaciousness  of  the  magnetic  condition  ;  the 
deterioration  in  this  quality  of  the  magnet  in¬ 
creasing,  as  the  heat  is  increased,  and  becoming 
very  injurious  to  permanency  when  the  tem¬ 
perature  is  raised  to  near  the  boiling  heat  of  oil. 

Column  vii.,  in  each  of  the  tables  of  the  series  commencing 
with  xxix.,  shews  the  progressive  deterioration,  with 
the  increase  of  the  temperature,  in  annealing,  as  proved 
by  the  relative  effects  of  the  operation  of  testing. 
Beyond  the  heat  of  450°,  in  the  case  of  cast  steel,  and 
of  350  in  shear  steel,  it  is  observable,  the  influence  of 

-  the  heat  becomes  very  rapidly  deteriorating. 

20.  That  the  effect  of  annealing,  at  all  tern- 
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peratures,  on  pairs ,  or  on  larger  combinations ,  of 
medium  or  thick  plates,  is  a  general  disadvantage 
to  the  powers  of  straight- bar  magnets  of  every 
kind  of  steel ;  the  disadvantage  increasing  with 
the  augmentation  of  the  temperature,  and  the 
extent  of  the  combination  of  the  plates  or  bars. 
On  pairs  of  thin  plates  of  best  cast-steel,  the 
effect,  as  hereinafter  shewn,  is  different. 

A  comparison  of  columns  n.  and  vi.  in  Tables  xxrx.  to 
xxxiii.,  will  be  sufficient  to  verify  this  proposition.  In 
the  semi-medium  plates,  Tables  xxix.  and  xxxi.,  a  very 
small  improvement  seemed  to  be  produced  by  the 
annealing  at  the  lowest  temperature;  but  in  the  medium 
plates,  Table  xxx.,  an  opposite  effect  took  place. 

21.  That  the  repetition  of  the  process  of 
annealing  on  the  same  plates  or  bars  of  origin¬ 
ally  hard  steel  (the  temperature  of  the  oil  being 
the  same  or  not  greater)  does  not  appear  to  pro¬ 
duce  any  alteration  in  the  magnetical  capacity, 
or  anv  additional  reduction  of  the  hardness. 

j 

Besides  the  indications  of  the  truth  of  this  proposition, 
yielded  by  the  series  of  investigations  described  in  the 
annexed  chapters,  a  special  experiment  was  made  by  the 
annealing  of  four  different  descriptions  of  plates  in 
boiling  oil,  a  part  of  which  had  been  previously  an¬ 
nealed  at  the  temperatures  of  300°  to  350°,  and  another 
part  at  550°.  No  decided  difference  in  the  results, 
either  as  to  capacity  for  magnetism,  or  tenaciousness 
under  the  action  of  the  test-bar,  was  observable. 
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Sect.  V. — Results  on  the  Magnetical  Capacities 
and  Powers  of  Steel  Plates ,  or  Bars ,  adapted 
for  sea-compasses,  both  single  and  compound, 
lohether  hard,  or  whether  annealed  at 
various  Temperatures ,  with  the  Effects  of 
spacing  the  Plates. 

These  Results  apply  specifically  to  needles  of  6  inches 
and  7*5  inches  in  length,  being  in  the  relation  to  each 
other,  in  proportional  masses,  of  1  to  2  nearly.  In 
most  of  them,  the  results  here  given  are  deducible 
from  the  propositions  previously  laid  down ;  but  they 
are  here  brought  together  for  a  more  satisfactory  deter¬ 
mination  of  the  principles  affecting  the  improvement  of 
the  mariner’s  compass. 

22.  That  for  single-bar  needles  constructed  on 
the  principles  heretofore  generally  in  use  (hard¬ 
ness  or  temper  of  the  specific  degrees  H.  T.  E.  S. 
being  considered),  hard  cast  steel  is  the  most 
effective  whenever  the  weight  of  the  6  inch  bar 
exceeds  400  to  500  grains,  or  the  7*5  inch  bar, 
about  1000  grains;  but  in  cast-steel  needles  of 
less  weight,  the  directive  energy  is  improved  by 
tempering  or  annealing. 

This  Result  is  amply  maintained,  as  to  6  inch  needles,  by 
the  illustrative  remarks  on  the  Results  2  and  3  of  chapter 
hi.  The  comparison  of  the  powers  of  two  navy  needles, 
one  of  them  being  the  best  out  of  nine,  with  bars  of 
my  own  of  hard  cast  steel,  as  shewn  at  p.  45,  strikingly 
verifies  the  above  proposition,  where  the  navy  needles 
of  510  and  580  grains  weight,  had  a  maximum  capacity, 
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in  deviating  energy,  of  13°  30'  and  5°  35'  respectively, 
and  those  on  my  own  principle,  of  560  and  656  grains, 
a  deviating  power  of  19°  30'  and  22°  20'. 

In  plates  or  bars  of  7*5  inch,  the  limit,  as  to  the  weight  at 
which  a  reduced  hardness  ceases  to  have  superiority 
over  what  we  may  call  file  hardness ,  seems  to  be  greater 
than  that  due  to  the  proportion  of  mass.  Such  a  devia¬ 
tion  from  apparent  analogy,  however,  will  prove,  I 
apprehend,  to  be  resolvable  into  another  similar  devia¬ 
tion  from  supposed  general  laws.  Heretofore,  I  believe, 
it  has  been  considered  as  a  law  of  magnetics,  that  the 
powers  of  magnets  of  different  but  proportional  dimen¬ 
sions  are  proportional  to  their  masses  respectively;  but 
this,  according  to  experiments  belonging  to  a  future 
place  of  this  work,  will  be  found  not  to  be  the  fact.  It 
will  be  proved,  I  doubt  not,  that  proportional  magnets 
have  not  powers  correspondent  with  their  masses. 

23.  That  for  single  needles — of  the  weights  or 
dimensions  ordinarily  used  for  sea-compasses 
— the  best  conditions  for  directive  energy  among 
the  various  kinds  of  hard  steel  examined,  are 
found  in  this  order: — cast  steel  from  Bradford 
iron;  shear  steel,  S  S.  or  of  hoop- L  iron;  blister 
steel,  hoop-1^ ;  cast  steel,  hoop- L; — the  cast  steel 
from  Bradford  iron  being  the  most  energetic. 

Any  apparent  discrepancy  betwixt  this  proposition  and 
the  statements  previously  made,  will  be  explained  by  a 
due  consideration  of  the  masses  employed.  When  very 
weighty  needles  are  required,  best  cast  steel  will  be  found 
available  for  its  general  superiority. 

The  results  obtained  from  the  trial  of  the  cast  steel  made 
out  of  Bradford  iron  were  so  favourable,  as  to  render 
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it  probable,  that,  for  the  purpose  here  contemplated, 
this  steel  should  be  selected.  Before,  however,  this 
conclusion — derived  only  from  a  single  set  of  plates — 
could  be  safely  adopted,  further  experiments  would  be 
necessary,  in  order  to  ascertain  whether  the  obtaining 
of  steel  from  Bradford  iron  of  like  magnetical  pro¬ 
perties  could  be  always  relied  on. 

24.  That  for  single  compass-neeclles  of  ordinary 
sizes  and  weight,  hard  cast-steel  from  Bradford 
iron,  hard  shear-steel  (hoop-L),  and  cast  steel 
(hoop-L),  slightly  reduced  by  tempering  or  an¬ 
nealing,  possess  apparently  the  best  qualities ,  as 
combining  in  a  very  high  degree  the  properties 
of  power  and  fixidity. 

The  diagrams  Nos.  5  and  6  represent  to  the  eye  the 
general  truth  of  this  proposition;  and  a  comparison  of 
the  Tables  in  Chapter  iv.,  shews  a  superiority  for 
single  needles  of  medium  thickness,  (such  as  7*5  inch 
needles  of  900  to  1000  grains  in  weight)  in  the  cast 
steel  from  Bradford  iron,  and,  next  to  that,  of  hard 
shear  steel. 

As,  however,  the  Bradford  steel,  whilst  exhibiting  a  certain 
superiority  over  all  the  other  kinds  tried  in  medium 
plates,  and  also  in  thin  6  inch  plates,  fell  short  of  the 
hard  shear  steel  in  one  set  of  thin  plates  of  7*5  inches 
in  length, — the  degree  of  reliance  to  be  placed  on  this 
description  of  steel  cannot  be  considered  as  satisfac¬ 
torily  determined :  but  as  such  uncertainty  does  not 
attach  to  certain  steels  from  foreign  iron,  hard  shear-steel, 
from  hoop-L  iron,  might  with  confidence  be  adopted 
for  compass-needles,  or  cast  steel,  of  like  quality,  an¬ 
nealed,  as  described  in  proposition  No.  27. 
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25.  That  plates  or  bars  of  hard  shear  steel , 
suitable  for  compass-needles,  whether  of  the 
single  or  compound  form,  are  injured  in  their 
magnetical  capacities,  if  of  masses  greater  than 
those  of  thin  plates,  by  annealing  in  boiling  oil ; 
nor  is  the  very  small  advantage  which  may  be 
gained  in  capacity,  in  the  case  of  thin  single 
plates  of  shear  steel,  by  annealing  at  any  of  the 
temperatures  betwixt  400°  and  G00°,  at  all 
adequate,  as  a  compensation,  for  the  loss  in 
fixidity. 

This  proposition,  which  is  deducible  from  Result  No.  18, 
and  Table  xxxii.,  is  here  given,  because  ofits  importance 
in  the  management  of  shear  steel  for  compass  needles. 
And  the  conclusion  to  which  it  leads  is — that,  where 
shear  steel  is  employed  in  compasses,  the  original  hard¬ 
ening  should  not  be  interfered  with,  except  so  far  as 
may  necessarily  take  place  in  the  adjustment  of  the 
plates  into  form. 

26.  That  whilst  the  extent  of  the  reduction  of 
hardness  by  the  annealing  of  compass  needles 
in  boiling  linseed  oil ,  is  generally  injurious  to 
the  magnetical  properties  of  shear-steel  plates, 
— the  same  measure  of  reduction  is  likewise  in¬ 
jurious  to  the  energy  of  cast-steel  (hoop  L),  when 
the  total  weight  exceeds  about  400  grains  in 
6  inch  plates,  or  about  1000  grains  in  7*5  inch 
plates. 

The  injurious  effect  of  this  extent  of  reduction  of  the 
hardness  of  shear  steel  is  strikingly  shewn  in  diagram 
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No.  6.  The  powers  of  a  combination  of  plates  of  cast 
steel,  tempered,  (CL.  T.),  and  of  the  same  annealed 
(CL.  A.),  when  projected  in  a  diagram  not  here  given, 
were  found  extremely  similar,  almost  coincident,  in  the 
ease  of  6  inch  plates  of  about  140  grains  each,  even  up 
to  a  weight  altogether  of  about  600  grains.  With 
plates  of  7*5  inches  long,  however,  the  similarity,  though 
proximate,  was  not  found  to  be  so  exact. 

It  has  been  shewn  in  Proposition  17,  that  cast-steel  plates, 
of  medium  mass,  gain  power  by  annealing  at  tempera¬ 
tures  below  the  boiling  point  of  oil. 

27.  That  thin  plates  of  cast  steel ,  adapted  for 
the  needles  of  compasses,  whether  employed 
singly  or  in  pairs,  have  their  magnetical  capa¬ 
cities  improved  by  annealing  at  any  of  the  various 
temperatures  betwixt  400°  and  the  boiling  heat, 
— the  temperature  of  boiling  yielding  the  highest 
capacity  in  thin  single  plates,  and  that  of  500° 
to  550°  in  pairs  of  plates. 

This  result,  derived  from  the  experiments  of  Table  xxxm., 
will  be  seen  to  be  of  much  practical  consequence  in 
the  construction  of  the  needles  of  sea-compasses.  It 
determines,  and  I  think  satisfactorily,  the  degree  at 
which  the  plates  for  compasses,  when  made  of  cast 
steel,  should  generally  be  annealed. 

28.  That  for  compound  needles,  say  of  two 
thin  plates  in  contact,  cast  steel  annealed, 
CL.  A.,  hard  shear  steel,  SS.  H.,  or  SL.  H., 
and  hard  cast  steel  from  Bradford  iron,  appear 
to  possess  magnetical  qualities  remarkably 
similar  in  fitness. 
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This  proposition  relates  to  7*5  inch  plates  of  about  400 
grains,  or  G  inch  plates  of  about  100  to  200  grains  in 
weight.  Taking  the  united  weight  of  the  7'5  inch  plates 
at  800  grains,  we  find  the  curves  in  diagram  No.  0, 
of  cast  steel  annealed,  hard  Bradford  steel,  and  hard 
shear  steel,  nearly  coincident. 

7  J 

Comparing  again  the  powers  of  a  pair  of  7*5  inch  plates 
for  compass  needles  of  different  kinds,  as  shewn  in  the 
Tables,  we  find — 

Grains.  Deviation. 

Shear  Steel,  SS.  H.  (xxm.)  total  weight  800  21°  25 

Bradford  Steel,  Cb.  H.  (xxvi.)  „  840  21°  32' 

Cast  Steel,  CL.  A.  (xxvii.)  ,,  848  21°  33' 

In  the  case  of  G  inch  needles  in  pairs,  of  less  weight  than 
200  grains  each  (say  100  to  150  grains),  the  steel  from 
Bradford  iron  presents  some  advantage  over  the  other 
kinds.  And  cast  steel  annealed  at  the  heat  of  boiling 
oil,  is  very  analogous  to  hard  shear  steel  up  to  a  com¬ 
bined  weight  of  about  300  grains;  beyond  that  weight, 
both  hard  shear  and  hard  Bradford  steel  have  a 
decided  pre-eminence. 

29.  That  as  the  employment  of  two  or  more 
plates  has  always  an  advantage,  in  magnetical 
power,  over  a  like  mass  in  a  single  bar;  so  the 
separation  or  spacing  of  such  combined  plates  is 
further  beneficial  to  the  directive  energy  of 
compound  compass  needles. 

This  proposition,  which  is  a  general  conclusion  from  the 
previous  investigations  of  chapters  i.  and  viii.,  Part  i., 
is  here  repeated,  simply  because  of  its  applicability  to 
the  particular  subject  now  under  investigation:  viz.  the 
improvement  of  sea-compasses. 

T  2 
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30.  That  the  quantity  of  gain  by  separation 
varies  in  an  augmented  ratio,  directly  with  the 
number  of  plates  combined,  and  inversely  with 
the  degree  of  hardness. 

The  first  part  of  this  proposition  is  derived  from  the 
investigations  of  chapter  n.  The  second  part  is  shewn 
by  a  comparison  of  the  quantity  of  gain,  by  separation, 
in  combinations  of  tempered  plates,  [Tables  xm.,  xiv., 
and  xv.],  and  some  experiments  made  with  hard  plates, 
which  have  not  been  described  in  the  body  of  this 
work.  In  the  case  of  hard  plates,  however,  the  quan¬ 
tity  of  advantage  by  spacing  was  found  to  be  consider¬ 
ably  less — and  that  for  the  obvious  reason,  that  as  there 
is  less  loss  on  the  combination  of  hard  plates  or  bars, 
than  on  those  that  are  tempered,  so  the  gain,  by  attenu¬ 
ating  the  intensity  of  the  energy  in  hard  magnets,  must 
necessarily  be  less. 

31.  That  the  spacing  of  thin  plates  for 
compass  needles  of  hard  shear  steel,  or  slightly 
annealed  cast  steel,  whether  combined  in  sets  of 
two  or  four,  affords  an  augmentation  of  very 
sensible  importance  in  the  directive  energy;  but 
in  the  case  of  hard  cast  steel  the  quantity  of 
gain  is  not  considerable. 

In  the  case  of  tempered  plates  [_C.  T.]  we  find  an  average 
gain  in  directive  power  of  about  5  per  cent,  by  the 
moderate  spacing  of  two  very  thin  plates,  and  of 
about  15  per  cent,  in  the  spacing  of  four  such  plates. 
Tables  xm.,  xiv.  The  tempered  plates  of 7-5  inches,  and 
about  231  grains  weight  each,  Table  xv.,  were  found  sus¬ 
ceptible,  in  a  combination  of  four  plates,  of  a  greater 
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power  when  separated  by  discs  of  about  one-eighth  of 
an  inch  thick,  than  when  in  contact,  in  the  ratio  of 
the  tangents  of  deviation  of  25°  22'  to  21°  12'.  And 
two  annealed  plates,  C.  A.,  of  427  grains  each,  spaced 
for  a  compass  needle,  received  a  power  of  26°  40', 
which,  in  contact,  was  reduced  to  22°  40. 

But  the  power  of  four  G  inch  hard  cast-steel  plates  of  123 
grains  weight  each,  which  in  close  combination  pro¬ 
duced,  when  fully  magnetized,  a  deviation  of  19°  45'  on 
the  compass,  was  increased  only  to  20°  by  separating 
the  plates  into  two  pairs,  about  a  quarter  of  an  inch 

asunder.  In  like  manner  four  other  hard  cast-steel 

% 

plates  of  130  grains,  were  found  to  obtain  an  increase 
in  power  only  from  18°  20'  to  18°  50',  scarcely  3  per 
cent.,  by  a  similar  separation.  Hard  shear-steel  plates, 
however,  in  accordance  with  general  analogy,  gained 
considerably  more  by  the  separation. 

Hence,  in  the  employment  of  very  hard  platcs>  in  so  ex¬ 
ceedingly  limited  a  combination,  the  advantage  of  total 
separation  is  found  to  be  so  inconsiderable  as  to  render 
it  of  little  practical  consequence  whether  the  plates, 
separated  in  the  middle,  arc  united  at  the  extremities, 
or  kept  separate  throughout  their  length. 


The  further  consideration  of  this  subject, 
which  may  justly  be  held,  I  conceive,  to  be  of 
national  importance — involving  as  it  does,  the 
safety  of  the  lives  and  property  depending  on 
the  guidance  of  the  compass — is  reserved  for  the 
practical  application  of  the  principles,  thus  far 
determined,  in  a  subsequent  part  of  this  work. 
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The  best  form,  or  forms,  for  the  compass  needle, 
will  then  also  fall  under  consideration  ;  when 
the  disadvantages  of  the  ordinary  kind  of  single¬ 
bar  needle  will  be  seen,  and  the  variety  of  forms, 
with  their  respective  advantages,  in  which  the 
needles  of  the  compound  kind  may  be  con¬ 
veniently  constructed,  will  be  described. 


Sect.  VL — - Results  in  respect  to  the  peculiar 
effects  of  hardness  and  annealing  on  Magnets 
of  the  horse- shoe  form. 

32.  That  whilst  denomination  and  quality, 
degree  of  hardness  and  measure  of  combination 
or  mass,  are,  severally,  qualities  of  varying 
influence  in  their  xnagnetical  relations,  chang¬ 
ing  the  comparative  resultant  energy  with  the 
changes  in  these  qualities  respectively — so  the 
fonn  of  the  magnet  (as  to  straight-bar,  or  horse¬ 
shoe)  has  likewise  its  peculiar  effect  in  again 
influencing  the  results  of  hardness,  and  measure 
of  combination. 

This  fact  is  the  general  conclusion  from  the  investigations 
of  sect.  hi.  of  chapter  vi., — a  result,  however,  which 
could  scarcely  have  been  anticipated  from  any  known 
analogies. 

33.  That  the  conditions  requisite  for  highest 
energy  in  large  masses,  or  powerful  combina¬ 
tions,  in  magnets  of  the  straight-bar  form ,  are, 
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as  respects  the  influence  of  extreme  hardness, 
totally  different  in  the  case  of  magnets  of  the 
horse-shoe  form. 

The  large  combination  of  hard  bars  of  the  horse-shoe 
form — to  the  extent  of  fifteen  in  number  (p.  238) — indi¬ 
cated,  in  its  unexpected  feebleness  when  magnetized  and 
put  together,  the  existence  of  this  peculiar  law. 

34.  That  the  extreme  hardness  which  contri¬ 
butes  to  the  maximum  power  of  considerable 
combinations  of,  or  masses  in,  magnets  of  the 
straight-bar  form,  is  injurious  to  the  power  of  a 
like  combination  of  magnets  of  the  horse-shoe 
form ;  and  that  the  annealing  or  tempering 
which  detracts  from  the  united  energy  of  the 
straight-bar  series,  improves  the  power  of  the 
horse-shoe  series. 

The  last  experiment  described  in  sect.  hi.  chap,  vi.,  is,  I 
think,  quite  demonstrative  of  the  truth  of  this  propo¬ 
sition:  for  in  that  instance  the  comparison  was  made  by 
the  use  of  bars  in  all  respects  exactly  the  same,  except 
as  to  form, — yet  the  results,  as  to  their  magneticai 
powers,  were  totally  different.  The  extent  of  combina¬ 
tion  to  which  this  law  applies,  has  not  been  determined. 

35.  That  whilst  a  given  measure  of  hardness 
throughout  improves  the  sustaining  power  of 
compound  magnets  of  the  horse-shoe  form  ;  the 
improvement,  in  the  case  of  cast  steel,  attains 
to  a  maximum  considerably  below  the  condition 
of  extreme  hardness. 

The  hardening  of  the  bars  of  a  large  horse-shoe  magnet 
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up  to  a  certain  degree — about  that  perhaps  of  spring 
temper,  except  at  the  curve,  which  was  still  left  soft — 
produced,  as  has  been  shewn  at  page  173,  a  very 
great  improvement  in  the  energy  of  the  entire  magnet; 
but  the  hardening  of  a  15  bar  magnet,  up  to  the  state 
of  files,  as  has  also  been  shewn,  was  very  disadvan- 
tageous  to  the  power  of  that  instrument. 

36.  That,  for  cast-steel  magnets  of  the  horse- 
shoe  form,  and  in  masses  of  the  ordinary  dimen¬ 
sions,  the  effect  of  annealing,  on  hard  bars,  is 
extremely  beneficial,  both  to  the  energy  of  the 
bars  separately  and  in  combination, — the  most 
beneficial  temperature,  apparently,  being  for 
single  bars  about  550°,  and  for  bars  designed 
for  powerful  combinations  from  480°  to  500°. 

It  has  been  shewn  already,  that  the  effect  of  annealing  at 
the  temperature  of  500°  on  the  average  sustaining 
power,  separately,  of  the  bars  of  two  horse-shoe  mag¬ 
nets  of  hard  cast  steel  constructed  by  Messrs.  Stubs, 
was  nearly  to  treble  their  original  capacity;  and  that, 
in  combinations  of  5  bars  and  15  bars,  the  effect  of 
the  same  annealing  at  the  same  heat  was  to  double  their 
respective  powers. 

37.  That  hard  shear  steel ,  not  reduced  by 
tempering,  is  admirably  adapted  for  the  forma¬ 
tion  of  magnets  of  the  horse  shoe  form — yielding, 
especially  in  compound  magnets,  very  superior 
powers. 

This  result,  which  from  the  foregoing  facts  was  fully 
anticipated,  was,  so  far  as  a  single  trial  may  be  relied 
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on,  most  satisfactorily  determined.  For  this  trial  I 
obtained  from  Messrs.  Stubs,  a  five-bar  magnet  of  best 
shear  steel,  made  quite  bard,  of  very  beautiful  work¬ 
manship.  Each  bar  is  an  inch  broad,  035  inch  thick, 
and  7’75  inches  long,  from  the  extremity  of  the  curved 
part  to  that  constituting  the  poles.  The  total  weight  is 
about  Dibs.  The  polar  extremity  is  finished  quite 
square — all  the  bars  being  of  the  same  length.  The 
conductor  presents  a  surface  to  the  magnet  of  2.25  inches 
by  O'G  inch,  and  weighs  2300  grains.  Each  bar,  when 
fully  magnetised,  sustained  an  average  tension  of 
10*751bs.  And  when  the  instrument  was  put  together,  it 
was  found  to  support  a  load  of  58 lbs.  before  the  con¬ 
ductor  separated.  A  larger  portion  of  this  great  power 
was  retained  than  I  had  found  in  any  other  instance, — 
for,  on  repeated  trials,  made  at  various  periods,  a  load 
of  from  50  to  53  was  regularly  sustained. 


The  great  variety  of  propositions  into  which 
the  foregoing  Investigations  have  become  re¬ 
solved,  will  be  sufficient  to  justify  a  preceding 
statement,  that  no  universal  answer  can  possibly 
be  given  to  the  question — What  is  the  best  kind 
of  steel,  and  the  best  degree  of  hardness,  or 
mode  of  tempering,  for  magnetical  instruments? 
At  the  same  time,  we  may  derive  out  of  these 
numerous  results,  and  the  variety  of  specific 
cases  to  which  they  apply,  a  useful  summary 
for  the  guidance  of  the  practical  magnetician  in 
the  leading  objects  of  common  requirement. 

Thus,  to  speak  in  general  terms,  we  should 
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recommend  for  all  large  or  massive  single  mag¬ 
nets  of  the  straight-bar  form  —  the  best  cast 
steel ,  made  quite  hard  :  for  straight- bar  com¬ 
pound  magnets,  generally,  the  same  steel  and 
hardness  :  for  compound  magnets  of  my  busk- 
plate  description,  the  best  cast  steel,  hardened 
to  the  utmost  in  oil  :  for  horse-shoe  magnets, 
if  single ,  cast  steel  annealed  from  file  hardness, 
at  a  temperature  of  about  550°,  or  shear  steel 
a  little  reduced  ;  and  for  compound  horse-shoe 
magnets,  cast  steel  annealed  at  480°  to  500°,  or 
shear  steel  perfectly  hard  :  for  compass  needles, 
if  single  and  heavy ,  (such  as  are  suited  for 
stormy  weather),  hard  cast  steel ;  if  light ,  or  of 
moderate  weight ,  whether  single  or  compound, 
best  cast  steel,  annealed  at  500°  or  550°,  or 
hard  shear  steel,  or  hard  cast  steel  from  Brad¬ 
ford  iron  :  and  for  very  light  needles  or  other 
small  magnets,  the  best  cast  steel  annealed, 
as  with  advantage  it  may  be,  at  the  heat  of 
boiling  oil. 

In  all  these  cases,  the  steel,  whatever  be  the 
denomination,  should  be  the  produce  of  the 
best  qualities  of  foreign  iron,  except  in  the 
instance  of  cast  steel  for  compass  needles  of  a 
light  description,  where  steel  from  the  best  Brad¬ 
ford  iron  might,  it  appears,  be  advantageously 
employed. 


CHAPTER  VII. 

ON  THE  POWERS  OF  HARD  STEEL  BARS  COMBINED  IN  VARIOUS 
WAYS,  AS  ALSO  IN  PROPORTIONAL  MASSES,  SO  AS  TO 
FORM  COMPOUND  MAGNETS  OF  LARGE  DIMENSIONS  AND 
OF  GREATER  LENGTHS  THAN  THOSE  OF  THE  ORIGINAL 
ELEMENTARY  BARS;  WITH  A  PRELIMINARY  INVESTIGA¬ 
TION  CONCERNING  THE  METHODS  OF  DETERMINING  THE 
RELATIVE  POWERS  OF  MAGNETS  OF  DIFFERENT  LENGTHS. 


The  great  advance  of  magnetical  science  within 
the  present  century,  and  the  surprising  results 
of  galvanic  action,  in  the  development  of  mag¬ 
netic  energy  in  common  iron,  have  led  to  appli¬ 
cations  of  these  results,  for  practical  objects, 
at  once  beautiful  and  useful.  And  as  the  pre¬ 
sent  state  of  magnetical  science  holds  out  the 
prospect  of  still  further  applications  of  this 
wonderful  agency,  and,  possibly ,  the  useful 
employment  of  the  magnet  as  a  moving  power; 
the  augmentation  of  the  powers  of  permanent 
magnets  becomes  a  desideratum  of  obvious 
importance. 
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In  magnets  of  soft  iron,  whose  energies  are 
excited  galvanically,  or  by  means  of  chemical 
forces — there  appears  to  be  no  definable  limit  to 
their  powers.  But  as  for  practical  and  economical 
purposes,  generally,  the  waste  of  materials  and 
employment  of  acids  become  at  once  incon¬ 
venient  and  expensive,— there  might  be  an 
essential  advantage  if  permanent  magnets  could 
be  obtained  of  very  high  degrees  of  energy. 

To  this  consideration  my  attention  was  now, 
in  a  particular  form  of  inquiry,  directed. 

In  all  the  foregoing  investigations,  on  the 
powers  of  combinations  of  magnetised  steel  plates 
or  bars,  only  one  general  mode  of  combination 
had  been  examined  ;  viz.  that  of  a  pile,  or  fas¬ 
ciculus  of  corresponding  pieces.  This  mode  of 
construction,  however,  on  account  of  the  practi¬ 
cal  difficulties  in  the  hardening  of  very  large 
masses  of  steel,  or  in  making  very  long  bars 
quite  hard  and  at  the  same  time  keeping  them 
fair  and  in  the  required  form— is  not  capable  of 
an  indefinite  enlargement.  Hence  I  proceeded 
to  inquire  into  the  practicability  of  combining, 
to  a  great  extent,  comparatively  small  and 
manageable  bars. 

This  principle  of  construction  for  compound 
magnets  of  great  power,  has,  indeed,  been  long 
since,  tried,  and,  to  some  extent,  successfully. 
But  no  investigation,  that  I  am  aware  of,  has 
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been  made  of  the  actual  powers  of  a  mass  of 
small  magnets  so  combined,  compared  with 
those  of  a  corresponding  solid  mass;  nor  of 
the  proportional  powers  of  magnets  of  different 
lengths,  made  up  of  a  single  line  of  similar 
integrant  bars;  nor  of  the  proportional  power 
of  several  bars,  combined  in  various  ways  and 
in  greater  lengths,  and  the  same  laid  toge¬ 
ther  in  a  single  pile,  or  fasciculus;  nor  of  the 
relation  of  the  ultimate  powers  of  compound 
magnets  of  similar  masses,  form,  and  dimen¬ 
sions,  when  constructed  of  bars  of  different 
lengths  ;  nor  of  the  relative  powers  of  various 
combinations  of  bars  of  the  same  description 
(except  as  to  the  length  of  the  integrant  bars) 
in  proportional  masses;  nor  as  to  the  possible 
extent,  as  to  mass,  to  which  such  combinations 
may  be  usefully  carried. 

These  several  particulars,  however,  were 
required,  in  the  investigation  herein  contem¬ 
plated,  to  be  examined,  in  order  to  the  effectual 
application  of  the  results  to  the  construction  of 
magnets  of  extraordinary  magnitude  and  power. 

In  order  to  compare  the  relative  powers  of 
various  masses  of  magnetised  steel,  or  fascicula3 
of  magnets,  however,  accurately  with  each  other, 
when  their  lengths  should  be  different, — some 
mode  of  determining  their  respective  powers, 
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of  approved  accuracy,  would  require  to  be 
employed. 

That  the  method  of  deviations,  herein  generally 
adopted,  is,  in  itself,  at  once  very  convenient  in 
practice,  and,  if  corrected,  in  the  case  of  consider¬ 
able  angles,  for  the  equations  mentioned  in 
Part  i.  chap.  m.  accurate,— has,  in  its  application 
to  magnets  of  corresponding  lengths ,  been  already 
shewn.  It  has  also  been  stated  (page  21)  that 
for  bars  not  equal  as  to  length,  their  deflecting 
energy,  if  ascertained  at  distances  proportionate 
to  their  lengths,  will  generally  give  results  of 
useful  approximation. 

The  measure  of  approximation  to  the  truth  of 
the  method  of  deviations,  for  the  comparing  of 
the  powers  of  magnets  of  different  lengths,  was 
of  importance  to  be  ascertained,  in  order  that  a 
method  so  extremely  ready  and  effective  might 
be  employed  in  the  immediate  object  of  inquiry. 
The  principle  of  the  method,  indeed,  led  me 
to  expect  that,  provided  the  deviations  could  be 
taken  at  such  a  distance  from  the  compass  that 
the  angular  direction  of  the  forces  of  the  several 
magnets  to  be  compared,  acting  on  the  poles  of 
the  compass-needle,  should  not  be  very  greatly  dif¬ 
ferent, — the  method  of  deviations  would,  though 
uncorrected,  be  equally  satisfactory  for  the  de¬ 
termination  of  the  relative  powers' of  magnets  of 
different  lengths,  as  it  has  been  proved  to  be 
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susceptible  for  magnets  of  various  powers  of 
th e  same  length.  And  in  this  expectation,  I  was 
not  disappointed. 

The  most  unexceptionable  way  of  determi¬ 
ning  this  point  seemed  to  be  by  comparing 
the  method  of  deviations  with  that  of  torsion. 
For  this  purpose,  I  constructed  a  “  balance  of 
torsion,”  (on  the  principle  originally  introduced 
by  Mr.  Mitchell,  and  employed  with  so  much 
success  by  M.  Coulomb,)  of  a  large  size. 

The  apparatus  was  made  strong  and  firm,  so 
as  to  be  capable  of  testing  the  power  of  bars  of 
two  feet  in  length  and  of  many  pounds  weight. 
The  wire  employed  for  this  investigation,  (except 
in  the  first  case,  which  was  thinner)  was  thirty- 
six  inches  in  length,  and  about  one-sixty-fifth  of 
an  inch  in  thickness.  It  was  obtained  of  an 
admirably  elastic  kind,  by  the  adoption  of  a 
hard-drawn  wire  made  expressly  for  springs  used 
in  the  Jacquard  Loom.  A  lantern- case  for  pro¬ 
tecting  the  magnets  from  the  action  of  the  air, 
with  sliding  glasses  at  the  upper  side  and  at  one 
of  the  ends,  was  provided  of  sufficient  dimensions 
for  the  reception  of  the  two-feet  bars.  To  the 
lower  extremity  of  the  torsion-wire  was  attached 
a  spring  stirrup  of  considerable  breadth,  cal¬ 
culated  to  embrace  the  bars  to  be  tested  very 
firmly,  and  to  secure  their  perfect  parallelism 
with  the  line  of  Zero  of  the  instrument.  A 
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simple  mode  was  also  adopted  for  loading  the 
lighter  magnets,  so  that  {he  quantity  of  torsion 
might  be  always  determined  under  similar  cir¬ 
cumstances  as  to  the  load  on  the  wire.  A  variety 
of  minor  contrivances  were  adopted  for  faci¬ 
litating  the  repetition  of  experiments,  and 
securing  accuracy  in  the  comparison  of  magnets 
of  different  sizes  and  massed. 

With  this  effective  and  satisfactory  apparatus, 
I  proceeded  to  the  comparison  of  the  methods  of 
Torsion  and  of  Deviations ,  by  employing  them 
severally  in  experiments  on  the  relative  Direc¬ 
tive  powers  of  Bar  magnets  of  different  masses, 
lengths,  and  degrees  of  energy — with  the  view 
of  applying -the  method  of  deviations  thus  ex¬ 
perimentally  adjusted  and  verified,  to  the  inquiry 
specially  contemplated  in  this  chapter.  The 
leading  inquiry,,  however,  ‘being  conveniently 
extended  into  three  Cases,  each  having  an  impor¬ 
tant  bearing  on  the  satisfactoriness  of  these  mag- 
netical  investigations  generally, — 1  have  thought 
it  desirable  to  describe  them  all  in  this  place. 
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Case  I.  —  Comparison  of  the  Powers  of  various 
Bar-magnets  of  the  same  length  {viz.  six  inches ), 
as  determined  by  the  methods  of  Torsion  and  of 
Deviations,  in  order,  to  the  f  urther  verification 
of  the  method  of  Deviations. 

The  applicability  of  the  method  of  deviations 
for  the  accurate  determination  of  the  directive 
powers  of  different  magnets  of  equal  lengths, 
has  been  shewn  in  Part  i.  chapter  hi.  As,  how¬ 
ever,  the  soundness,  in  science,  of  this  very  con¬ 
venient  mode  of  trial,  has  been  questioned, — 
the  verification  of  the  method  by  another  mode 
which  has  met  with  almost  universal  approval, 
will  be  held,  I  trust,  as  quite  conclusive. 

Eight  plates  and  bars,  or  combinations  of 
plates,  were  employed  in  the  experiments  on 
this  first  case,  differing  in  their  powers  to  the 
extent  of  10  to  1.  They  comprised  the  following 
varieties : — 

1.  A  pair  of  compound  bars,  each  bar  consist¬ 
ing  of  twelve  hard  cast-steel  plates,  combined 
together. 

2.  The  same  reduced  in  energy  by  one  thin 
magnetic  plate  interposed  in  the  reverse  direc¬ 
tion,  as  to  its  polarity,  betwixt  the  compound 
bars. 

3.  The  same  further  reduced,  and  in  a  similar 

IT 


290 


MAGNETIC  AL  INVESTIGATIONS. 


way,  by  the  interposition  of  two  thin  magnetic 
plates  with  reversed  poles. 

4.  One  of  the  compound  bars  of  twelve  plates. 

5.  A  single  bar  of  hard  cast  steel, — a  square 
prism  of  half  an  inch  thick. 

6.  A  single  hard  bar,  half  an  inch  broad  and 
one- eighth  thick. 

7.  A  single  tempered  plate,  half  an  inch 
broad  by  one-sixteenth  thick. 

8.  A  single  thin  compass-needle,  three-eighths 
of  an  inch  broad. 

Comparison  of  the  method  of  Torsion ,  and  that 
of  Deviations ,  for  the  determination  of  the 
relative  Directive  Powers  of  Bar-magnets  of 
different  masses  and  degrees  of  energy,  made 
with  a  series  of  six-inch  Magnetic  Bars,  Plates, 
and  Compass-needles. 
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The  analogy  of  the  ratios  in  columns  v. 
and  ix.,  the  ratios  deduced  directly  from  the 
experiments,  is  sufficiently  close  to  prove  the 
general  utility  of  the  method  of  deviations  for  the 
determination  of  the  relative  directive  powers  of 
magnets  of  various  powers, — the  mean  difference 
of  the  two  methods  on  these  eight  trials,  amount¬ 
ing  only  to  about  one-fifty-seventh  part  of  the 
entire  power  of  each  magnet.  But,  as  it  will  be 
observed  that  the  whole  series  of  powers,  as  deter¬ 
mined  by  either  method,  exhibits  differences 
constantly  on  the  same  side  (the  ratio  of  column  v. 
being  constantly  lower  than  that  of  column  ix.), 
the  application  of  a  small  equation  to  the  tan¬ 
gents  of  the  deviations,  is  here  found  to  be 
© 

necessary. 

This  equation  (taken  very  nearly  in  the  pro¬ 
portions  indicated  in  the  diagram,  in  plate  n.) 
being  applied  to  the  tangents  of  the  observed 
deviations,  column  iv.,  we  obtain  the  series  of 
equated  tangents,  column  vi.  The  proximate 
ratio  by  the  method  of  deviations,  when  thus 
equated,  column  vn.,  agrees  so  well  with  that 
obtained  by  the  method  of  torsion,  as  to  verify, 
in  the  most  satisfactory  manner,  that  process 
for  the  determination  of  the  powers  of  bar  mag- 
nets, — a  process  on  which  the  results  in  this 
work,  mainly  and  essentially  depend. 
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Case  II.  —  The  Determination,  experimentally ,  in 
Magnets  of  different  lengths ,  of  the  relation  of 
their  respective  deviating  effects  (at  distances 
from  the  Compass  proportional  to  their  several 
lengths )  to  their  actual  directive  Powers. 

The  object  of  this  inquiry  was  to  ascertain, 
how  the  deviations  produced  by  magnets  of  dif¬ 
ferent  lengths  might  be  reduced,  so  as  to  shew 
the  comparative  directive  powers,  or  the  actual 
powers  with  reference  to  any  given  standard. 
In  order  to  this,  the  determination  of  the 
actual  powers  by  the  method  of  torsion,  of  a 
series  of  magnets  producing  equal  angles  of 
deviation  at  distances  from  the  compass  pro¬ 
portionate  to  their  respective  lengths,  con¬ 
stituted  the  simplest  case  which  could  be  well 
devised. 

For  this  experiment,  three  straight-bar  mag¬ 
nets  were  employed,  of  the  lengths  of  6,  7*5, 
and  15  inches,  respectively, —  being,  to  each 
other,  in  the  proportions  of  4,  5,  10. 

Not  being  either  of  proportional  masses,  or  of 
equal  deviating  powers  when  magnetized  fully, 
the  lowest  energy  in  the  three  (7°  17'  deviation) 
was  adopted  as  the  standard,  and  the  magnet¬ 
isms  of  the  other  so  reduced  and  adjusted  that, 
at  distances  from  the  compass  corresponding 
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with  four  times  their  several  lengths,  their  devi¬ 
ating  powers  became  alike,  or  so  nearly  alike, 
that  the  greatest  difference  from  the  mean  power 
was  only  about  2'. 

These  bars  were  then  placed  in  succession 
in  the  balance  of  torsion,  when  their  several 
directive  powers  were  represented  by  19*5,  38*5, 
and  292, — these  numbers  being  the  degrees 
through  which  the  index  of  the  balance  required 
to  be  turned  and  the  wire  twisted,  for  producing 
an  equal  deviation,  viz.,  30°,  from  the  direction 
of  the  magnetic  meridian. 

Now  the  proportional  powers,  thus  obtained, 
just  as  was  anticipated,  are  found  to  approximate 
nearly  the  cubes  of  the  lengths  of  the  series  of 
magnets.  For  whilst  the  cubes  of  the  lengths 

O  o 

constitute  the  series  1,  2*0,  16*0, — the  several 
observed  powers  of  the  magnets,  reduced  to  the 
like  extent,  constitute  the  proximate  series  1  013, 
2*0,  15*2.  The  differences  in  the  first  and  last 
numbers  are  accounted  for  by  the  fact,  that  the 
supposed  fifteen-inch  bar  was  found  to  be  some¬ 
what  short  of  the  proper  length,  and  the  six-inch 
bar  a  little  longer. 

For  the  further  confirmation  of  the  law,  thus 
indicated, — a  selection  was  made  from  other 
experiments  on  a  more  convenient  series  of  bars 
of  six,  twelve,  and  twenty-four  inches  in  length. 
These  afforded  the  more  simple  ratio  of  1,  2,  4. 
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Their  deviating  powers,  indeed,  were  not  equal, 
being  17°  5',  14°  15',  and  13°  45';  but,  guided  by 
the  conclusions  of  case  i.,  there  was  no  difficulty 
in  reducing  the  powers  of  the  torsion  balance  to 
a  common  standard,  by  the  application  of  the 
principle  of  simple  proportions  to  the  observed 
torsions.  Taking,  then,  the  deviation  of  the 
middle  bar,  14°  15'  (tangent  254)  as  the  standard, 
the  observed  torsions,  viz.,  9*4,  59,  and  476, 
become,  when  reduced,  7*7,  59*0,  493*5,  consti¬ 
tuting  the  series  1,  7*7,  64*1 — being  a  very  close 
approximation  to  1,  8,  64,  the  series  formed  by 
the  cubes  of  the  lengths  of  the  three  magnets. 
The  differences,  indeed,  are  not  greater  than 
what  may  reasonably  be  attributed  to  the 
neglect  of  the  equation  of  deviations  and  the 
errors  of  observation. 

Hence,  it  is  clear  that  the  deviating  power  of 
magnets  of  different  lengths,  affords,  in  the  case 
of  equal ,  or  very  nearly  equal,  deviations ,  a  very 
practical  and  accurate  mode  of  determining  their 
magnetic  powers  respectively,  —  their  powers 
being,  in  such  case,  proportional  to  the  cubes 
of  the  lengths  of  the  magnets. 

But  the  case  under  consideration,  as  stated 
in  the  outset,  requires  further  investigation  as 
to  magnets  of  different  lengths  having  unequal 
deviations .  Combining  the  results,  however,  of 
case  i.,  with  the  above  of  equal  deviations , 
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(case  ii.),  the  rule  becomes  general  under  this 
simple  expression:  — 

P =M 

P  being  the  actual  directive  power  of  the  mag¬ 
net,  t  the  tangent  of  the  deviation  produced  at 
a  given  distance,  proportional  to  the  length  of 
the  magnet,  from  the  compass,  and  l  the  length 
of  the  bar. 

The  verification  of  the  rule  by  actual  ex¬ 
periment  will  be  abundantly  yielded  by  the 
descriptions  of  the  next  case. 


Case  III. —  The  Comparative  Capacities  for  Mag¬ 
netism  of  equivalent ,  or  similarly  proportioned , 
Bars  of  Steel  of  different  lengths ,  as  deter¬ 
mined  both  by  the  method  of  Deviations  and 
that  of  Torsion. 

This  investigation  involved  other  results.  In 
addition  to  the  object  specially  proposed  for 
inquiry, — the  required  confirmation  of  the  rule 
above  stated  was  looked  for.  For  if  the  ratios 
of  powers  of  magnets  of  different  lengths  and 
unequal  deviations  as  yielded  by  the  above  for¬ 
mula,  should  correspond  with  the  ratios  by  the 
method  of  torsion — the  rule  would  derive  such 
confirmation  as  might  be  fairly  considered  to  be 
completely  satisfactory. 

For  the  primary  investigation,  I  selected  out 
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of  my  large  stock  of  magnets,  five  bard  cast- 
steel  bars  of  different  magnitudes,  and  of  the 
respective  lengths  of  thirty-six,  twenty-four, 
twenty-four,  fifteen,  and  twelve  inches.  Having 
ascertained  the  weights  of  the  several  bars,  I 
then  provided  a  series  of  six-inch  bars  of  hard 
cast  steel,  of  equivalent  masses  and  iceights , — 
the  weight  of  each  larger  bar  being  propor¬ 
tional  to  that  of  its  six-inch  equivalent  in  the 
ratio  of  the  cubes  of  their  respective  lengths. 
Thus,  the  thirty-six-inch  bar,  being  six  times 
larger  in  each  of  its  dimensions  (in  length, 
breadth,  and  thickness),  than  its  six-inch  equi¬ 
valent,  would  be  heavier  than  such  equivalent 
in  the  ratio  of  63  :  l3,  or  216  :  1.  For  the  large 
bar,  therefore,  which  weighed  44,950  grains, 
the  equivalent  was  a  six-inch  bar  of  209  grains: 
for  that  of  twenty-four  inches  of  43,450  grains, 
one  of  679,  etc. 

The  whole  of  these  bars  being  now  magnetized 
to  their  utmost  capabilities  by  the  processes  best 
adapted  for  the  full  development  of  the  magnetic 
energy  of  the  bars  respectively, — their  several 
deviating  powers,  at  four  times  the  length  of 
each  bar,  were  first  ascertained,  and  then  their 
respective  powers  in  the  balance  of  torsion. 
The  various  results,  with  all  necessary  informa¬ 
tion  respecting  the  several  bars,  are  exhibited  at 
one  view  in  the  annexed  Table. 


TABLE  of  Experiments  for  determining  the  Comparative  Capacities  for  Magnetism  of  equivalent,  or  similarly 
proportioned,  Bars  of  Steel  of  different  Lengths,  both  by  the  Method  of  Deviations  and  that  of  Torsion. 
As  the  Degrees  of  Hardness  and  the  Qualities  of  Steel,  however,  of  the  different  bars,  herein  submitted 
to  Comparison,  wrere  not  always  Correspondent,  the  Results  can  only  be  considered  as  Proximate. 
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The  numbers  marked  with  an  asterisk,  have 
been  slightly  altered,  to  adjust  them,  proxi- 
mately  and  proportionally,  to  small  differences 
betwixt  the  actual  mass  of  the  six-inch  bar 
employed  for  the  comparison,  and  the  propor¬ 
tional  mass,  as  shewn  in  column  hi.,  “of  equi¬ 
valent  weights.5'  The  bar  used  in  experiment 
No.  3,  it  should  be  observed,  was  of  a  clearly 
inferior  quality  of  steel  to  that  of  its  equiva¬ 
lent, — hence  the  undue  difference  in  the  pro¬ 
portional  capacity  of  the  two  bars  compared. 

Various  results  of  much  interest  and  import¬ 
ance  are  derivable  from  this  set  of  experiments. 

1.  Taking  the  method  of  Torsion  as  yielding 
unquestionately  the  true  proportions  of  the  rela¬ 
tive  powers  of  the  different  bars,  we  find,  by 
comparing  columns  xi.  and  xn.,  that  the  power 
of  each  of  the  six-inch  bars  (column  xu.)  was 
much  greater  than  the  proportion  simply  due  to 
its  mass  (column  xi.),  as  compared  with  the 
energy  of  the  large  bar  of  which  it  was  the 
equivalent.  In  other  words,  that  the  small  bars 
were  in  every  case  stronger  proportionally  than 
the  large  ones — and  the  more  so,  in  progressive 
measure  (with  the  exception  above  accounted 
for),  as  the  masses  increased.  Thus  whilst  the 
six-inch  equivalent  of  the  twelve-inch  bar  was 
a  little  more  than  one-fourth  stronger,  propor- 
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tionally,  than  the  bar  with  which  it  had  to  be 
compared,  the  six-inch  equivalent  of  the  twenty- 
four  inch  bar  was  above  three-fourths  stronger 
than  its  proportional  one.  And  these  results 
are  seen  to  be  most  satisfactorily  verified  by  the 
ratios,  column  ix.,  derived  from  the  method  of 
deviations. 

2.  Hitherto  the  degree  of  accuracy  of  the 
method  of  deviations,  as  applied  universally  to 
magnets  of  every  degree  of  energy,  extent  of  mass, 
or  variety  of  length,  had  been  but  matter  of 
inference;  and  the  unimportance,  practically, 
of  the  several  sources  of  error  induced  by  the 
length  of  the  needle  of  the  compass,  which,  for 
strict  accuracy  of  comparison  by  direct  experi¬ 
ment  should  be  indefinitely  short,  was  matter 
of  presumption.  It  was,  therefore,  important  to 
ascertain  by  actual  experiment,  whether  the  pro¬ 
portion  of  error  induced  by  the  varying  directions 
of  the  forces  of  the  magnets  under  trial  with 
regard  to  the  poles  of  the  needle  of  the  compass 
employed,  together  with  the  error  for  which  the 
equation  already  determined  provides, — might 
be  such  as  to  destroy  the  satisfactoriness  of  this 
method  of  determining  the  powers  of  magnets. 

This  last  set  of  experiments,  however,  affords 
a  satisfactory  verification  of  the  practical  utility 
of  the  method  of  deviations,  as  applied  generally 
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to  the  determination  of  the  relative  directive 
powers  of  bar  magnets.  The  practical  measure 
of  accuracy  may  be  sufficiently  inferred  from 
the  analogy  of  the  ratio  in  column  ix.,  deter¬ 
mined  by  the  method  of  deviations,  with  that 
of  column  xni.,  derived  from  the  method  of 
torsion.  In  no  case  do  the  discrepancies 
amount  to  a  twenty-fifth  part  of  the  whole 
power,  though  in  these  discrepancies  are  in¬ 
volved  every  other  source  of  error  in  the  use  of 
the  instruments  employed,  comprising  errors  of 
adjustment  and  observation,  etc. 

But  a  still  more  satisfactory  verification  is  ob¬ 
tained  by  comparing  the  powers  of  the  different 
magnets  employed,  as  derived  from  the  two 
methods  of  deviation  and  torsion,  when  reduced 
to  a  common  standard.  For  this  reduction,  I 
shall  take  the  mean  of  the  powers  as  given  by 
the  six-inch  equivalent  bars  (the  last  four  experi¬ 
ments  in  the  series),  viz.  412  tangent,  corre¬ 
sponding  with  12*05  torsion,  and  make  these 
amounts,  in  their  respective  class,  the  unit. 
Applying  now  the  formula  given  in  case  n.,  we 
find  that  the  cubes  of  the  lengths,  column  i., 
multiplied  into  the  tangents  of  deviations, 
column  vi.,  afford,  as  the  result  of  the  method 
of  deviations,  the  following  series, — the  mean 
power  of  four  of  the  equivalent  six-inch  bars,  or 
tangent  412,  being  called  1, — 
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6  Inch. 

12  Inch. 

15  Inch. 

24  Inch. 

24  Inch 

36  Inch. 

Col.  viii, 

No.  5. 

No.  4. 

No.  3. 

No.  2. 

No.  1. 

l 

4-9 

14*7 

24*7 

38-1 

71*3 

By 

the  method  of 

torsion, 

reduced 

in  a 

similar  manner 

(tb e  mean  torsion  of  the 

equi- 

valent 

six -inch 

bars, 

column 

xii.,  or 

12-05 

being 

called  1)  this  series  is  obtained, — 

1 

5-0 

147 

26*8 

39*5 

73-0 

The  series,  by  deviations,  however,  is  un- 
equated.  If,  therefore,  we  apply  the  equation 
due  to  the  mean  tangent  =12,  we  have  412 — 
12=400,  which  being  employed  instead  of  412, 
affords  the  following  series  of  still  greater  cor¬ 
respondence  with  that  given  by  the  method  of 
torsion;  viz. — 

1  5*1  15-2  25*4  39*2  73*0 

This  close  and  satisfactory  analogy  betwixt 
the  ratios  of  powers,  reduced  to  a  common 
standard,  as  determined  by  the  two  methods  of 
deviation  and  torsion — not  only  proves  the 
sufficient  accuracy  of  the  former  method,  for 
most  practical  purposes,  when  applied  gene¬ 
rally;  but  this  analogy  verifies  the  formula, 
because  of  its  employment  in  the  reduction  of 
the  experiments,  by  the  method  of  deviations, 
from  which  the  comparison  is  derived. 

Whilst  thus  we  have  so  amply  verified  the 
practical  utility  and  accuracy  of  the  method  of 
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deviations  for  the  determination  of  the  powers  of 
bar  magnets  generally, — we  may  take  occasion, 
by  the  way,  of  noticing  one  peculiar  advantage 
of  this  method  above  that  of  torsion.  The  method 
of  torsion,  it  is  observable,  gives,  of  itself,  no 
absolute  value,  nor  a  value  whereby  the  results  of 
one  instrument  can  be  compared  with  those  of 
another;  but  the  method  of  deviations,  affords 
results  indicative  of  the  actual  powers  of  mag¬ 
nets,  by  reason  of  its  being  capable  of  adjust¬ 
ment  to  a  scale  of  universal  applicability  and 
comparison. 

In  order  to  this,  it  is  only  necessary  to  fix 
upon  some  particular  length  of  bar  and  some 
particular  distance  from  the  compass,  and  then 
the  tangent  of  deviation,  in  all  places  where  the 
dip  of  the  needle  is  similar,  will  afford  a  real 
standard  of  comparison,  and  the  particular 
tangent  decided  on,  an  unit  of  the  scale.  In 
the  general  comparison  thus  yielded,  the  dip 
of  the  needle,  by  which  the  quantity  of  devia¬ 
tion  is  necessarily  modified,  being  taken  into 
consideration,  and,  if  rigid  precision  were 
required,  the  intensity  of  terrestrial  magnetism, 
the  comparison  would  serve  for  all  parts  of  the 
world. 

The  practical  applicability  of  the  method  of 
deviations  for  the  determination  of  the  relative 
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powers  of  straight-bar  magnets,  being  thus  satis¬ 
factorily  established, — we  now  proceed,  in  the 
confident  use  of  this  method,  to  the  subject 
proposed  for  investigation  at  the  head  of  this 
chapter. 

For  the  purpose  of  pursuing  the  contemplated 

inquiries  on  a  good  scale,  I  procured  from 

Messrs.  Stubs,  a  quantity  of  cast-steel  bars, 

made  from  the  same  ingot,  of  an  inch  in  breadth 

and  three-sixteenths  of  an  inch  in  thickness, 

extending  to  the  total  length  of  thirty-six  feet. 

Thev  were  constructed  into  bars  of  twelve  and 
«/ 

eighteen  inches  each,  —  eighteen  of  the  former 
and  twelve  of  the  latter  length.  The  weight  of 
each  set  was  the  same,  viz.  1 1*31  lbs.  They  were 
all  ordered  to  be  as  hard  as  files  ;  some  few, 
however,  were  found  not  to  be  perfectly  hard, 
though  sufficiently  so  for  the  complete  satisfac¬ 
toriness  of  the  proposed  experiments. 

They  were  magnetized  by  various  processes 
and  with  different  powerful  compound  magnets, 
by  the  way  of  experiment;  and,  ultimately, 
because  in  this  case  found  to  be  the  most  con¬ 
venient  and  effective  method,  with  two  fasciculae 
of  busk-plate  magnets,  placed  upright  and 
nearly  together  in  the  middle  of  each  bar, 
and  then  drawn  asunder  and  slipped  off  side¬ 
ways  at  the  two  extremities  at  the  same  time, 
preserving  throughout  an  upright  position. 
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This  operation  was  twice  performed  on  both 
sides  of  every  bar,  separately. 

To  render  the  series  of  experiments  more  com¬ 
plete  and  generally  useful,  the  powers  of  these 
bars  were  tried  first  separately,  then  in  pairs,  end 
to  end,  or  in  double  lengths:  all  the  twelve-inch 
bars  were  also  tried  in  treble  lengths,  and  each 
set  of  bars  variously  combined  both  with  these 
of  its  own  set  and  intermingled  with  those  of 
the  other.  The  object  in  this  latter  case  was  to 
determine  whether  the  ultimate  power  of  large 
combinations  would  be  the  same  when  bars  of 
different  lengths  were  united,  as  when  all  the  set 
combined  were  similar, — as  such  an  union  of 
different  lengths  would  be  very  desirable,  in 
order  that  any  large  mass  so  combined  might 
have  more  firmness,  and  be  easier  bound 
together. 

The  various  forms  of  combination  are  repre¬ 
sented  in  plate  iv. 

The  following  results,  as  to  the  powers 
exhibited  by  the  various  combinations,  were  ex¬ 
perimentally  obtained.  The  several  bars,  it  may 
be  proper  to  state,  were  invariably  remagnetized 
whenever  they  had  been  exposed  to  a  greater 
deteriorating  influence  than  that  to  which  they 
were  about  to  be  subjected  in  any  new  arrange- 
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ment;  and,  also,  that  the  powers  of  the  several 
bars  and  their  various  combinations  were  always 
determined  by  the  measure  of  their  deviations 
at  the  distance  of  twice  the  length  of  the  mass 
or  masses,  under  trial,  from  the  centre  of  the 
compass.  Thus  the  twelve -inch  bars  were 
tried,  separately,  at  the  distance  of  two  feet 
from  the  compass;  the  eighteen-inch  bars  at 
three  feet  distance;  two  twelve-inch  bars  in  one 
length  at  four  feet  distance;  two  eighteen-inch 
bars  at  six  feet,  etc. 

1.  The  deviating  powers  of  the  twelve-inch 
bars  separately,  [see  Plate  iv.,  No.  1.]  varied 
from  17°  55'  to  21°  O';  the  mean  power  being 
19°  17  ,  equal  to  tangent  350.  Length  of  each 
bar,  one  foot. 

2.  A  pile  of  ten  twelve-inch  bars,  [No.  2] 

gave  a  power  of  48°  50/==tangent  1144.  Total 

length  of  steel  bars  combined,  ten  feet. — The 

powers  in  progressive  combination  were  as 

follow:— 1  bar=19°  5';  2=27°  20';  4=39°  20'; 

6=46°  20';  8=48°  30’;  10=48°  50'!— In  another 

series  in  which  eiffht  of  the  best  bars  were 

© 

selected  by  testing,  the  powers  in  combination 
were:— 1  =  19°  5';  2=30°  20';  4=41°  O';  6= 
47°  40  ;  8=51°  34'.  In  another  series,  eight  of 
the  weakest  bars  being  selected  by  testing,  the 
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powers  were: — 1=20°  10';  2=27°  37';  4= 
33°  50';  6=37°  30';  8=41°  O'. 

3.  The  deviating  power  of  two  bars  of  twelve 
inches  each,  in  a  line,  [No.  3],  being  the  mean 
of  nine  pairs  of  bars  so  combined,  was  5°  37'= 
tangent  98.  Length  of  bars  combined,  two  feet. 

4.  Four  twelve-inch  bars  (two  in  length  and 
two  in  breadth,  No.  4)  gave  a  power  of  10°  45  = 
tangent  190;  but  the  same  bars  when  tried  with 
the  two  rows  separated  about  two  inches  and 
kept  in  parallelism,  the  two  bars  of  each  row 
being  in  contact,  had  a  power  of  11°  28  = 
tangent  203.  But  the  average  power  of  six  sets 
of  these  bars,  so  arranged  with  the  two  rows 
separated,  was  less  than  the  above,  being  10°  52'. 
Length  of  bars  combined,  four  feet. 

5.  Eight  twelve-inch  bars,  comprising  two  in 
length,  two  in  breadth,  and  two  in  thickness, 
produced  a  mean  deviation,  when  in  contact  as 
No.  5,  of  17°  9— tangent  309  ;  but  when  these 
bars  were  presented  to  the  compass,  previously, 
with  each  of  the  four  rows  a  little  separated, 
their  mean  action  on  the  compass  was  a  deviation 
of  19°  59'— tangent  364. 

6.  The  mean  power  of  three  twelve-inch  bars 
in  contact  in  one  line  [No.  6]  was  2°  25— tangent 
42.  When  the  continuity  of  the  line  of  magnets 
was  broken  by  slipping  the  middle  bar  out 
sideways,  about  an  inch,  keeping  each  of  the 
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bars  at  the  same  distance  from  the  compass 
as  before,  the  power  fell  0°  16',  on  an  average  of 
four  sets  of  bars  ;  that  is,  the  mean  power  of  the 
three  bars  fell  to  2°  9'=tangent  38.  But  when 
the  series  was  reunited,  the  original  powers  were 
again  restored,  except  in  experiments  where  the 
series  of  three  bars  had  been  magnetized  toge- 

O  O 

ther,  as  one  bar,  when,  in  that  case,  the  quantity 
recovered  was,  on  a  mean,  0°  8'.  Length  com¬ 
bined,  three  feet. 

7.  Six  twelve-inch  bars  (three  in  length  and 
two  in  breadth,  all  touching)  gave  a  mean  devia¬ 
tion  of  4°  2T=tangent  76.  Length  combined, 
six  feet. 

8.  Twelve  twelve-inch  bars  (two  tiers  com¬ 
bined  as  No.  7),  gave  a  power,  in  contact,  of 
7°  50=tangent  138.  Length  of  bars  combined, 
twelve  feet. 

9.  Eighteen  twelve-inch  bars,  in  two  tiers  in 
contact  (comprising  three  in  length,  three  in 
breadth,  and  two  in  thickness),  produced  a 
deviation  of  11°  20'=tangent  200.  Length 
combined,  eighteen  feet. 

10.  The  mean  power  of  the  twelve  eighteen- 
inch  bars,  separately  [No.  10J  was  8°  32  = 
tangent  150.  Length  of  each  bar,  eighteen 
inches. 

11.  The  total  effect  of  the  whole  twelve  bars 
of  eighteen  inches  in  length,  in  one  pile,  in 

x  2 
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contact  (as  No.  11),  was  a  deviation  of  42°  0'= 
tangent  900.  Length  of  the  bars  eighteen  feet. 
The  powers  of  this  set,  in  progressive  combina¬ 
tion  in  the  pile,  were  as  follow:-— 1  bar— -9°  O'; 
2=15°  O';  4=23°  30';  6—30°  6';  8=34°  50'; 
10=38°  54';  12=42°  O'. 

12.  The  mean  power  of  two  eighteen-inch 
bars  in  contact*  lengthways,  was  2°  26=  tan¬ 
gent  42*5.  Length  combined,  three  feet. 

13.  Four  bars  of  eighteen  inches  (a  double 
row  of  two  each)  gave  a  mean  power  of  4°  40'= 
tangent  82.  Length  combined,  six  feet. 

14.  Eight  bars  of  eighteen  inches,  or  two 
tiers  of  No.  13,  gave  a  mean  deviation  of  7°  57'= 
tangent  140.  But  the  same  tried  previously, 
with  all  the  four  rows  separated  about  an  inch 
from  each  other,  gave  a  power  of  8°  25  =tangent 
148.  Length  combined,  twelve  feet. 

15.  Twelve  eighteen -inch  bars  (two  tiers,  in 
contact),  comprising  two  in  length,  three  in 
breadth,  and  two  in  thickness,  had  a  power 
of  11°  8'=tangent  197.  Length  combined, 
eighteen  feet. 

16.  A  tier  of  nine  bars  of  twelve  inches, 
(three  in  length  and  three  in  breadth)  with  a 
tier  upon  it  of  six  bars  of  eighteen  inches  (two 
in  length  and  three  in  breadth)  produced  a  de¬ 
viation  of  11°  8'=tangent  197.  Length  of  bars 
combined,  eighteen  feet. 
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17.  A  three-tier  magnet,  with  three  bars  in 
breadth,  comprising  nine  bars  of  twelve  inches, 
and  twelve  of  eighteen,  gave  a  deviating  power 
of  15°  22==tangent  275.  Length  of  bars  com¬ 
bined,  twenty-seven  feet. 

18.  A  four-tier  magnet,  three  bars  in  breadth, 
comprising  eighteen  magnets  of  twelve  inches, 
and  twelve  of  eighteen  inches,  placed  on  each 
other  in  alternate  series  like  that  of  masonry, 

4/  ' 

produced  a  deviation  of  18°  42'=tange.nt  338. 
Total  length  of  the  bars  combined,  thirty-six 
feet;  and  total  weight,  22‘61bs. 

19.  The  four-tier  magnet  [No.  18]  being 
arranged  in  steps,  as  represented  in  the  figure, 
each  step  being  an  inch,  gave  a  deviation  of 
18°  22==tangent  332,  when  the  distance  from 
the  compass  (six  feet)  was  measured  from  the 
extremity  of  the  nearest  tier;  and  19°  46,==tan- 
gent  359,  when  the  mean  position  of  the  poles 
of  the  four  tiers  was  taken  for  the  measurement 
of  the  distance.  The  steps  being  reduced  to  a 
quarter  of  an  inch  each,  the  deviations,  at  the 
two  distances  taken  as  above,  were  18°  20'  and 
18°40'.  Length  of  bars  combined,  thirty-six  feet. 

20.  The  same  thirty  bars  arranged  in  six  tiers, 
two  bars  in  breadth,  all  touching,  gave  a  power 
of  17°  48'=tangent  321  ;  and  when  afterwards 
opened  into  four  separate  rows  an  inch  apart, 
three  tiers  in  each  row,  the  power  increased 
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to  18°  48= tan  gent  310.  Length  combined, 
thirty-six  feet. 

These  various  effects  of  contraction  on  the 
ultimate  magnetic  energy  of  the  masses  united, 
are  now  available  for  being  applied  to  the  inqui¬ 
ries  proposed  for  consideration  in  this  chapter. 

I.  As  to  the  Proportional  Powers  of  Magnets 
of  different  lengths ,  hut  in  all  other  respects ,  both 
as  to  dimensions  in  breadth  and  thickness ,  and  in 
quality  and  hardness  of  steel ,  the  same. 

Coulomb,  in  investigating  this  question  with 
reference  to  magnets  cut  from  the  same  wire  or 
rod,  came  to  the  conclusion  that  the  powers  of 
such  magnets  are  proportional,  or  very  nearly 
proportional,  to  their  lengths.  The  foregoing 
experiments  enable  us  to  investigate,  very  accu¬ 
rately,  not  indeed  this  precise  case,  but  the 
analogous  one  of  the  relative  powers  of  combi - 
nations  of  magnets  of  the  same  size  and  quality 
in  different  measures  of  length. 

Let  us,  for  example,  compare  the  power  of 
two  twelve-inch  bars  of  steel  in  a  line,  with 
that  of  one  such  bar.  The  data,  for  the  com¬ 
parison,  are  afforded  us  in  Nos.  3  and  1 , — 
constituting  the  mean  results  of  several  experi¬ 
ments  with  eighteen  bars  of  the  same  kind. 
The  respective  powers,  as  shewn  by  the  formula 
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in  case  n.,  are  here  in  this  proportion  ; — as  1:JX 
tangent  350=350  :2;<X  tangent  98=784;  or, 
as  1:2*24.  But  the  lengths  of  the  two  bars  are 
in  the  exact  ratio  of  1:2. 

If  we  compare  again  No.  6,  comprising  three 
bars  amounting  to  three  feet  in  length,  with 
No.  1,  of  one  foot, — we  have  the  proportional 
powers  of  l3  *  350  :  33  *42  =  350  :  1 134,  or  1  to 
3*24.  But  the  lengths  and  masses  are  in  the 
proportion  only  of  1  to  3. 

We  may  also  compare  the  power  of  a  length 
of  two  eighteen-inch  bars  [No.  12]  with  that  of 
one  such  bar  [No.  10].  Here  the  proportions 
are,  — 13,150:23*42*5=150:340,  or  1:2*27. 

To  verify  the  result  thus  indicated  in  each 
of  these  experiments,  viz. — that  in  a  single 
series  of  magnetic  bars,  connected  lengthways, 
of  the  description  here  employed,  two  or  three 
bars  so  combined,  are  stronger  than  a  single  bar, 
proportionally  to  their  lengths, — I  made  another 
special  experiment,  with  a  selection  from  the 
best  of  the  series  of  twelve-inch  bars.  I  took 
four  of  these  bars,  and  having  magnetised  them 
fully  with  the  bundles  of  busk-plate  magnets,  I 
ascertained  their  directive  powers: — 1st,  singly, 
at  two  feet;  2dly,  two  in  a  line,  touching,  at 
four  feet ;  and  3dly,  three  in  a  line  at  six  feet 
from  the  compass.  Their  mean  powers  at  these 
several  distances  were  20°  45, 5°  55,  and  2°  4  f, — 
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the  tangents  of  the  deviations  being  379,  104, 
and  47.  Hence  their  relative  directive  powers 
give  the  ratio  of  13*379,  23*104,  and  33,47;  or 
reduced  as  above,  of  1,  2*2,  3*345, — their  real 
proportions,  as  to  length  and  mass,  being  1, 
2,  and  3. 

This  result,  however,  which  at  first  sight 
might  seem  extraordinary,  becomes  quite  intel¬ 
ligible  when  connected  with  another  set  of  ex¬ 
periments  with  the  same  bars,  made  at  the  same 
time.  Whilst  the  two  series  of  two  and  three 
bars  were  respectively  in  their  places  on  the 
“  trial-board,”  the  contact  of  the  bars  was 
broken  by  slipping  the  middle  one  out  sideways, 
in  the  latter  case,  and  the  second  bar,  in  the 
other  case,  to  the  distance  of  an  inch  from  each 
other,  but  so  that  the  actual  distance  of  each 
bar  from  the  compass  was  the  same  as  before. 
Immediately,  as  in  the  former  experiments  (see 
experiment  No.  6)  the  quantity  of  deviation  fell 
to  5°  33',  with  the  two  bars,  and  to  2°  32 ,  with  the 
three  bars;  so  that  the  series  of  tangents,  under 
this  arrangement,  became  379,  97,  44.  But 
here  we  have  the  entire  action  of  the  separated 
bars,  which,  apparently,  ought  to  correspond  with 
their  united  individual  powers,  and  so  constitute 
the  exact  series  of  1,  2,  3.  The  series  reduced 
as  before,  is  found  to  be  but  slightly  different, 
viz.,  1,  2  05,  3*13. 
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The  discrepancy  here,  if  it  had  not  been  ac¬ 
cordant  with  that  observed  in  other  experiments, 
might  have  been  ascribed  to  error  of  observation 
in  the  deviations.  But  analogy  suggests  that 
the  series  should  be  in  excess.  For  as  the 
junction  of  the  bars  obviously  increased,  by 
their  inductive  powers,  the  total  energy  of  the 
mass  when  thus  favourably  united — the  induc¬ 
tion,  without  contact,  which  must  take  place  be¬ 
twixt  bars  separated  only  by  so  small  a  distance 
as  an  inch,  might  reasonably  be  expected  to 
produce  some  degree  of  influence. 

II.  As  to  the  Proportional  Powers  of  Magnets 
combined  as  in  the  figures  (plate  iv.),  compared 
with  those  in  a  single  pile ,  or  fasciculus. 

The  results  of  combination,  when  the  twelve 
and  eighteen-inch  magnets  were  formed  progres¬ 
sively  into  separate  piles  [Nos.  2  and  11],  enable 
us  to  form  this  comparison  very  satisfactorily. 

Let  us  take,  for  instance,  the  case  of  the  series 
o ¥  eight  bars,  arranged  as  No.  5  (two  in  length, 
two  in  breadth,  and  two  in  thickness),  and  we 
find  a  deviating  power  of  17°  9'=tangent  309. 
Now  eight  of  these  bars  combined  as  No.  2,  gave 
a  power  of  48°  30  ==tangent  1 130.  The  relation 
of  these  powers  are  1 5 *  1 1 30  :  23, 309=1  to  2*2; 
that  is,  the  directive  power  of  these  eight  mag¬ 
nets,  when  combined  in  the  form  of  No.  5,  is 
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more  than  double  that  of  the  same  series  when 
combined  in  a  single  fasciculus.  And  com¬ 
paring  again  the  form  No.  5,  with  the  power  of 
a  select  series  of  the  best  of  the  eight  bars  in  a 
pile,  y  ielding  a  directive  power  of  51°  34'=  tan¬ 
gent  1260,  we  have  still  the  preponderance  in 
favour  of  the  more  extended  combination,  No.  5, 
in  the  ratio  of  T96  to  1. 

Compare  we  again  the  powers  of  eight  bars 
of  eighteen  inches  when  combined  in  the  form 
No.  14,  comprising  double  bars  in  length, 
breadth,  and  thickness,  with  the  same  bars  piled 
up,  as  No.  11,  in  one  fasciculus.  The  deviation 
produced  by  the  longer  combination,  each  bar 
touching,  was  7°  57'= tan  gent  140,  and  that  by 
the  simple  pile  was  34°  50  =696.  The  relation 
of  these  powers,  reduced  by  the  formula,  is 
found  to  be  as  T61  to  1. 

The  explanation  of  this  fact  is,  on  considera¬ 
tions  suggested  in  the  early  part  of  this  work, 
very  intelligible.  In  the  pile,  the  magnetic 
energy  is  in  a  more  concentrated  condition  than 
in  the  more  extended  combination  ;  hence  the 
deterioration  is  much  greater  in  the  pile  than  in 
the  other  form. 

The  sum  of  the  powers  of  the  eight  bars  tried 
separately,  as  appears  from  the  original  notes  of 
the  experiments,  was  1176  tangent.  Hence  the 
difference  betwixt  this  amount  and  the  tangent 
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of  deviation  of  the  eight  bars  when  in  a  pile, 
that  is  1176 — 696=480,  represents  the  quantity 
of  deterioration  produced  by  this  form  of  combi¬ 
nation  ;  whilst  the  difference,  in  the  other  case,  of 
1176  and  140X^3  or  1120=56,  shews  the  small 
comparative  loss  suffered  by  the  combination  in 
the  more  extended  form. 

III.  As  to  the  relation  of  the  Powers  of  Bars  of 
twelve  and  of  those  of  eighteen  inches  when  com¬ 
bined  so  as  to  constitute  masses  of  the  same  form , 
dimensions ,  and  weight. 

The  object  of  this  inquiry  was  to  determine 
whether,  in  large  magnetic  combinations,  the 
resulting  energy  of  masses  of  given  dimensions 
would  be  the  same,  or  nearly  the  same,  whether 
the  longer  or  shorter  bars  of  the  same  kind  were 
employed. 

A  reference,  simply,  to  the  plate,  No.  iv.  or 
to  the  foregoing  description  of  the  effects  of  each 
combination,  will  answer,  sufficiently  for  our 
purpose,  the  inquiry  before  us.  Thus  No.  7, 
composed  of  six  bars  of  twelve  inches,  and  No.  13 
of  four  bars  of  eighteen  inches,  comprise  the 
same  dimensions  and  masses;  and  their  relative 
powers,  tried  at  the  same  distance  from  the 
compass,  were  4°  2T  and  4°  40  .  Again,  No.  8, 
consisting  of  twelve  bars  of  twelve  inches,  agrees 
in  mass  and  dimensions  with  No.  14,  consisting 
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of  eight  bars  of  eighteen  inches,  and  their  rela¬ 
tive  powers  were  7°  50'  and  7°  57'.  Nos.  9  and  15, 
likewise  correspond  in  mass  and  dimensions;  and 
their  respective  powers  were  11°  20' and  11°  8'. 
Compared  by  their  tangents,  the  series  of  twelve- 
inch  bars  in  the  order  above  registered,  gave  the 
powers  of  76,  138,  200  ;  and  the  equivalent  series 
of  eighteen-inch  bars,  of  82,  140,  197.  The 
greatest  difference  in  any  two  corresponding 
masses  here  amounts  only  to  7*3  per  cent,  of  the 
total  power — a  difference  by  no  means  exceeding 
the  unavoidable  varieties  in  the  powers  of  such 
magnets,  however  carefully  constructed. 

IV.  As  to  the  Relative  Powers  of  combinations  of 
twelve  or  eighteen  inch  Bars ,  each  kind  by  itself , 
and  those  of  equal  masses  and  dimensions  composed 
of  the  two  kinds ,  intermixed. 

This  inquiry  was  designed  to  determine 
whether  magnetic  bars  of  dissimilar  lengths  (but 
alike  in  their  other  dimensions  and  qualities) 
might  not  be  combined  together  for  the  formation 
of  magnets  of  great  masses,  with  equal  advan¬ 
tage  as  the  combinations  made  out  of  bars  of 
the  same  length.  For  if  such  an  arrangement  of 
alternating  points  of  junction,  and  of  alternating 
series  of  magnets  of  different  lengths,  should 
yield  as  much  power  as  like  masses  composed 
entirely  of  one  kind,  with  their  points  of  junction 
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all  corresponding, — then  would  there  be  afforded 
a  great  convenience  in  arrangement,  with  the 
means  for  yielding  solidity,  when  very  large 
masses  should  be  united  as  one  magnet. 

o 

The  cases  numbered  9,  15  and  16  constitute 
equal  masses  adapted  for  this  comparison.  And 
here  it  will  be  perceived,  that  whilst  eighteen 
bars  of  twelve  inches  gave  a  power  of  1 1°  20 ,  and 
twelve  bars  of  eighteen  inches  a  power  of  1 1°  S', 
a  tier  of  each  kind,  or  nine  bars  of  twelve  inches 
with  six  bars  of  eighteen  inches,  gave  a  power 
also  of  11°  S'.  Hence  it  would  appear,  that  bars 
of  like  description,  of  dissimilar  lengths,  may  be 
combined  together  without  being  productive  of 
any  perceptible  disadvantage  to  the  resulting 
power  of  the  mass. 

V.  As  to  the  Relative  Powers  of  various  com¬ 
binations  of  Bars  of  the  same  description  (except  as 
to  the  length  of  the  integrant  bars )  in  propor¬ 
tional  masses. 

Here  the  object  of  inquiry  was — whether  vari¬ 
ous  series  of  magnetic  bars,  arranged  in  masses 
proportional  in  all  their  dimensions,  would  yield 
proportional  powers  ;  that  is,  whether  the  series 
of  bars  corresponding  with  the  numbers  l3,  23, 
33,  etc.  (arranged  according  to  figures  No.  1, 
No.  5,  No.  17)  would  afford  powers  correspond¬ 
ing  with  the  series  1,  8,  27,  etc.,  or,  if  not,  in 
what  other  ratio? 
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The  result  obtained  in  case  in.  of  this  chapter, 
naturally  led  to  the  conclusion,  that  the  powers 
of  the  larger  combinations  would  be  below  their 
due  proportions ;  but  as  this  present  inquiry 
related  to  proportional  masses  in  combined  mag¬ 
nets  (a  condition  which  is  advantageous  to  the 
general  result),  and  the  other  in  single  or  solid 
masses — the  investigation  became  necessary. 

Comparing  now  the  series  of  Nos.  1,  5,  and  17, 
we  have  the  powers,  19°  1 7  ,  17°  9,,  15°  22', — 
shewing  a  progressive  decrease  in  the  propor¬ 
tional  energy.  The  progress  of  deterioration  con¬ 
stitutes  this  series, — 13,350,  23,309,  33*275= 
1,  7*06,  2T2,  instead  of  1,  8,  27,  the  exact 
proportional  power. 

Comparing  again  the  set  No.  14,  consisting  of 
eight  bars  of  eighteen  inches,  with  the  power  of 
the  single  bar,  No.  10,  we  obtain  this  propor¬ 
tional  ratio,™  l3 X  tangent  150  (single  bar),  and 
23Xtangent  140  (eight  bars);  or  reduced  as 
above,  1,  7*47. 

Looking  back  for  comparison  to  case  in.,  how¬ 
ever,  we  find  the  measure  of  deterioration  below 
the  power  due  to  the  mass,  much  less  considerable 
in  magnets  formed  by  combinations  of  smaller 
pieces,  than  in  the  instance  of  proportional  solid 
bars.  Selecting  out  of  the  Table  of  experimental 
results,  under  case  in.,  the  powers  of  the  two 
analogous  cases  of  bars  of  twelve  and  twenty-four 
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inches,  we  obtain  by  calculation  the  ratio  1:5*4, 
instead  of  1:7*06,  and  1:7*47,  as  above, — which 
shews  that  the  advantage,  in  large  masses,  is 
in  favour  of  magnets  formed  out  of  comparatively 
small  bars.  The  case  of  the  thirty-six-inch  bar 
is  omitted,  because  it  was  much  too  thin  for  a 
due  comparison. 

VI.  As  to  the  extent  to  which  small  Magnets , 
made  quite  hard ,  mag  he  advantageously  combined, 
with  a  view  to  the  formation  of  larger  artificial 
Magnets  than  have  get  been  constructed. 

The  largest  combination  of  bars,  employed  in 
these  experiments,  is  that  figured  in  No.  18, 
which  had  a  power,  in  comparison  with  that  of 
a  twelve  inch  integrant  bar,  as  tangent  338x3;{: 
350  X  l3,  or  as  26: 1 ;  but  the  real  proportion  of 
the  two  masses  was  as  36:1.  Still,  however,  the 
measure  of  deterioration  was  by  no  means  so 
considerable  as  to  prevent  the  effective  combina¬ 
tion  of  vastly  larger  masses. 

Taking  the  experiments  already  made  on 
combinations  in  proportional  masses,  however, 
we  can  obtain,  by  inference,  a  very  reasonable 
anticipation  of  the  effects  of  larger  combinations. 
This  is  accomplished  in  the  simplest  manner, 
by  throwing  the  cases  of  proportional  masses, 
Nos.  1,  5,  and  17  into  a  geometric  curve  in  a 
diagram.  Proximately,  the  curve  yielded  by  the 
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powers,  1,  7*06,  21*2,  for  the  respective  masses 
1,  8,  27,  combined  proportionally,  if  prolonged 
to  the  next  proportional  magnitude  of  43,  or  64, 
would  give  a  directive  power,  apparently,  of 
about  thirty-nine  times  that  of  a  single  bar. 

Hence  whilst  we  perceive  that  the  deterioration 
of  power  is  such  as  to  discourage  the  idea  of  con¬ 
structing  permanent  artificial  magnets,  of  limited 
lengths ,  indefinitely  large  ;  yet  such  is  the  nature 
of  the  curve  yielded  by  the  powers  of  a  succession 
of  proportional  magnets,  that,  if  the  proportions 
of  the  original  bar  be  continually  maintained, 
and  the  length,  consequently,  duly  increased, 
there  would  be  no  limit  to  the  extent  of  power 
obtained.  Moreover,  it  is  obvious,  from  the  data 
here  afforded,  that  magnets  of  very  great  bulk 
and  of  immense  powers,  may  be  constructed  of 
cast-steel  bars  hardened  to  the  utmost,  on  this 
principle  of  combination;  and  that  if  the  combi¬ 
nation  were  made  to  assume  the  horse-shoe  form, 
which  is  favourable  to  the  construction  of  mag¬ 
nets  of  inferior  hardness, — a  degree  of  magnetic 
energy  might  easily  be  obtained,  incomparably 
surpassing  anything  yet  accomplished. 

The  plan  of  combination,  indeed,  as  is  well 
known,  was  long  ago  put  into  practice  by  Dr. 
Gowin  Knight,  in  the  construction  of  a  magnet, 
now  in  possession  of  the  Royal  Society,  of  extra¬ 
ordinary  size  and  mass. 
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According  to  the  description  given  of  this 
instrument  by  Dr.  Fothergill,  executor  to  Dr. 
Knight,  in  the  Philosophical  Transactions, 
vol.  lx vi.,  p.  591,  for  the  year  1776, — it  con¬ 
sisted  originally  of  two  parts,  each  comprising 
“  two  hundred  and  forty  bars  disposed  in  four 
lengths,  every  length  containing  sixty  bars, 
placed  in  six  courses  or  layers,  in  contact  with 
one  another;  and  ten  in  each  course  placed  side 
by  side,  in  contact  also.”* 

But  one  of  these  “  Magazines'’  of  the  mao;- 
netical  machine  was  destroyed  or  greatly  injured 
by  a  fire  in  the  house  where  it  was  deposited  ; 
but  replaced,  on  the  same  principle  of  con¬ 
struction,  by  Dr.  Fothergill. 

The  whole  apparatus  is  now  enclosed  in  a 
strong  box,  measuring  forty -two  inches  by 
eighteen  and  seventeen.  The  magnets  present 
two  poles  about  six  inches  out  of,  and  beyond, 
one  end  of  the  box,  so  that  the  length  of  the 
instrument  from  the  extremity  of  the  concealed 
end  to  the  extremity  of  the  exposed  poles,  appears 
to  be  about  fortv-six  inches. 

tj 

The  ends  of  the  projecting  poles  measure 
twelve  inches  by  three,  each,  and  are  nine  inches 
apart. 

*  My  reference  to  this  paper  was  taken  from  the  Abridg¬ 
ment  of  the  Philosophical  Transactions  by  Dr.  Ilutton,  etc. 
Vol.  xiv.,  p.  117. 

Y 
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Dr.  Faraday,  in  the  Philosophical  Trans™ 
actions,  for  1832,  p.  135,  has  given  a  short 
description  of  the  instrument,  stating,  “  that  it  is 
composed  of  about  four  hundred  and  fifty  bar 
magnets,  each  fifteen  inches  long,  one  inch  wide, 
and  half  an  inch  thick/'  And,  as  to  its  sustain¬ 
ing  power,  it  is  added,  that  “  when  a  soft  iron 
cylinder,  three  quarters  of  an  inch  in  diameter 
and  twelve  inches  long,  was  put  across  from  one 
pole  to  the  other,  it  required  a  force  of  nearly 
100  pounds  to  break  the  contact.”  What  the 
sustaining  power,  however,  is,  by  its  proper 
conductor,  is  not  mentioned. 

So  far  as  the  instrument  is  visible  beyond  the 
box,  I  have  inspected  it,  but  could  not  get  access, 
at  the  time,  to  the  interior.  Compared  with  the 
great  mass  of  magnetic  bars  employed  in  its 
construction,  however,  the  power  was,  obviously, 
extremely  feeble, —though,  doubtless,  very  much 
stronger  originally.  Comprising,  as  originally 
described,  a  weight  of  about  1000  lbs.  of  steel; 
or,  by  estimation  on  the  data  given  by  Dr. 
Faraday,  betwixt  1200  and  1300  lbs.  weight, — 
it  ought  to  carry,  if  properly  constructed,  the 
weight  of  more  than  a  ton. 

But  a  curious  circumstance  in  the  construction 
of  the  instrument  is  mentioned  by  Dr.  Fothergill, 
which,  if  actually  still  existing,  must  conduce 
greatly  to  the  injury  of  the  power  of  the  machine. 
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Dr.  Fothergill  states,  “  that  it  was  found  diffi¬ 
cult,  after  the  final  hardening  of  these  bars,  to 
preserve  among  them  a  perfect  equality  of  size  ; 
therefore  the  contact  of  the  sides  was  perfected 
by  thin  iron  plates,  slipped  in  between  the  braces 
and  the  junction  of  the  ends  of  the  bars.11 

Now  this  interposition  of  iron,  or  even  over- 
layingof  iron  plates,  musthavebeen  mostinjurious 
to  the  energy  of  the  magnets — as  each  portion  of 
iron,  applied  to  any  part  except  the  neutral  and 
transverse  axis,  would  become  magnetic  in  the 
converse  direction  to  that  of  the  instrument,  and 
so  neutralize  a  portion  of  the  original  magnetism  ! 
The  only  other  exception  to  such  an  injurious 
effect  would  be  if  the  iron  were  applied  after 
the  manner  of  an  armature:  but  the  description 
given  by  Dr.  Fothergill  of  the  interposed  iron 
plates  shews  clearly  that  they  were  not  disposed 
of  in  this  way.  Whether  these  iron  plates  yet 
remain,  however,  I  had  not  the  opportunity  of 
determining. 


GENERAL  RESULTS. 


The  various  points  investigated  in  this  chapter 
have  been  carried  so  far  towards  the  conclusions 
here  contemplated,  that  little  more  than  a  pro- 
positional  summary  of  the  several  results  will 
now  be  necessarv. 

1.  That  for  the  determination  of  the  directive 
powers  of  straight-bars  magnets  of  the  same 
length,  the  methods  of  Deviation  and  Torsion , 
give,  to  a  degree  of  correspondence  sufficiently 
close  for  practical  purposes  generally,  the  same 
results. 

When  the  angles  of  deviation  are  but  small — say  under 
10°, — the  results  by  the  two  methods  are  so  nearly 
correspondent,  as  scarcely,  if  at  all,  to  exceed  the  un¬ 
avoidable  errors  of  observation  [see  case  i.];  wdiilst  the 
method  of  deviations,  both  for  the  comparison  of  expe¬ 
riments  by  different  persons,  and  for  facility  of  obtaining 
results  in  practice,  is  incomparably  the  most  convenient 
of  the  two  methods. 

When  the  deviations  are  large,  as  observed  at  two  lengths 
distance  of  the  magnets  from  the  compass,  the  results, 
if  great  precision  be  requisite,  must  be  equated  by  the 
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method  described  in  chapter  nr.,  Part  i.;  or  else  the 
deviations  must  be  reduced  in  quantity,  by  being  taken 
at  a  greater  distance  from  the  compass. 

2.  That  the  relation  of  the  powers  of  magnets  of 
different  lengths,  is  exceedingly  well  determined 
by  their  action  on  the  compass,  at  distances 
proportional  to  their  lengths,  —  the  tangents  of 
deviation  into  the  cubes  of  the  length  of  the 
bars,  respectively,  yielding  a  ratio  indicative  of 
the  several  actual  powers. 

In  the  case  of  equal  deviations  being  produced  by  bars  of 
unequal  lengths — the  ratio  of  their  powers  will  be  simply 
as  the  cubes  of  their  lengths. —  See  cases  n.  and  in. 

3.  That  hard  straight-bar  magnets,  if  combined 
lengthways,  or  in  a  straight  line,  with  dissimilar 
poles  touching,  yield  powers  (within  the  limits 
and  masses  experimented  on)  somewhat  greater, 
as  compared  with  the  powers  of  the  single  ele¬ 
mentary  bars,  than  what  is  due,  proportionally, 
to  their  united  length. 

The  amount  of  this  increase  of  proportional  energy,  in 
the  case  of  a  single  line  of  magnets  so  combined,  is 
shewn,  in  different  instances,  in  sect.  i. 

4.  That  when  similar  straight-bar  magnets  are 
combined  in  any  extended  form — that  is  in  any 
form  in  which  the  length  of  the  mass  comprises 
more  than  the  extent  of  a  single  bar — the  directive 
power  is  always  greater  than  when  the  same  mass 
and  series  of  bars  are  placed  in  a  single  pile. 
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Tlie  less  concentration  of  the  magnetic  energy  in  the  ex¬ 
tended  form,  than  in  the  single  fasciculus,  sufficiently 
explains,  on  principles  already  laid  down,  the  reason 
of  the  greater  amount  of  energy  in  that  mode  of 
combination. — See  sect.  xi. 

5.  That  sets  of  magnetic  bars  of  different 
lengths — such  as  those  of  twelve  and  eighteen 
inches — when  combined  in  their  respective  kinds 
into  masses  of  the  same  form,  weight,  and  dimen¬ 
sions,  appear  to  yield  similar  degrees  of  energy. 

Within  the  limits  tried  in  the  foregoing  experiments — the 
differences  betwixt  the  like  combinations  of  the  two 
classes  of  magnets,  were  so  inconsiderable  as  strongly 
to  support  this  proposition — the  greatest  difference  in 
three  cases  of  comparison  not  exceeding  7°3  per  cent, 
of  the  total  energy,  and  the  average  difference  being 
trifling. 

6.  That  sets  of  magnetic  bars  of  different 
lengths,  when  combined  so  as  to  form  several 
equal  tiers  in  one  mass — appear  to  yield  similar 
ultimate  powers  as  like  combinations  in  form, 
kind,  and  dimensions,  of  magnets  of  one  specific 
length  only. 

As  far  as  this  comparison  could  be  carried  with  the 
quantity  of  bars  made  use  of — this  result,  of  much 
importance  in  its  application  to  the  construction  of 
magnets  of  extraordinary  masses,  was  very  satisfactorily 
indicated. — See  sect.  iv. 

7.  That  the  relative  powers  of  magnets,  whether 
single  or  compound,  when  different  in  mass  but 
proportional  in  all  their  dimensions,  are  not  in 
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the  ratio  of  their  respective  masses, — the  larger 
masses  being  less  strong,  proportionally,  than 
the  smaller. 

This  proposition,  as  to  compound  proportional  magnets,  is 
determinable  from  the  experiments  described  in  the 
foregoing  chapter,  [sect,  v.] — being  decidedly  proved 
even  undercircumstances  favourable  to  the  improvement 
of  the  power,  by  reason  of  the  combination  of  com¬ 
paratively  thin  bars.  Yet  in  every  case  of  proportional 
combinations,  — such  as  those  of  two  bars  in  length, 
width,  and  thickness,  and  of  three  bars  in  each  of  the 
dimensions  of  the  compound  magnet, — the  three-bar 
series  was  less  strong,  proportionally,  than  that  of  two 
bars,  and  the  two-bar  series  than  that  of  the  average 
of  the  single  bars  of  which  the  respective  compound 
masses  were  composed. 

In  the  case  of  solid  magnets  of  different  masses,  but 
tolerably  proportionate  in  their  several  dimensions — the 
result  was  the  same,  only  the  differences  greater  [see 
case  hi.];  the  methods  of  torsion  and  deviation,  whilst 
giving  analogous  results,  shewing  a  considerable  inferi¬ 
ority  in  proportional  power  (with  respect  to  mass)  in  the 
larger  bars.  These  comparative  experiments  shewed, 
that  the  powers  of  the  equivalent  bars  of  six  inches  in 
length,  were  nearly  twice  as  great,  proportionally,  as 
those  of  bars  of  twenty-four  inches  and  upwards. 

8.  That  a  compound  bar,  consisting  of  a  series 
of  magnets  in  a  straight  line,  loses  power,  if  the 
continuity  of  the  series  be  broken;  whilst  a  com- 
pound  mass  of  more  than  one  line  of  magnets 
gains  power  by  the  separation  of  the  lines  or 
tiers  of  magnets  combined. 
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The  first  part  of  this  proposition  is  shewn  by  the  notes  on 
experiment  No.  G;  and  the  second  part  by  those  bn 
Nos.  4 ,  14,  and  20. 

The  reason  of  the  apparently  different  effects  here  produced 
by  the  separation  of  the  magnets  is  very  intelligible  ; — 
the  separation  of  the  bars  in  favourable  continuity,  as 
in  the  first  case,  depriving  the  magnet  mainly,  of  the 
gain  it  had  obtained  by  induction;  but  the  separation 
of  the  parallel  rows  or  lines  of  bars,  where  the  conti¬ 
guity  of  similar  poles  had  an  injurious  tendency,  was 
necessarily  beneficial. 

9.  That  the  arranging  of  the  several  tiers  of  a 
large  compound  magnet  in  the  form  of  steps  at 
the  extremities,  does  not ‘appear  to  be  of  any 
material  benefit  to  the  directive  power  of  the 
mass,- — though,  it  probably  may,  to  the  lifting 
power  of  the  projecting  extremity. 

The  experiments  given  in  Nos.  18  and  19,  only  go  to  the 
indication  of  the  result  of  the  first  part  of  this  proposi¬ 
tion,  where  the  gain  appeared  to  be  very  inconsiderable. 

10.  That  whilst  magnets  of  large  dimensions 
are  less  powerful,  with  respect  to  their  masses, 
than  small  magnets  to  which  they  are  exactly 
proportional  in  all  their  dimensions;  and  whilst 
the  increase  of  the  dimensions  continually  deteri¬ 
orates  from  the  quantity  of  energy  due  to  the 
mass,— yet  magnets  may  be  combined  in  such 
proportional  dimensions ,  with  a  constant  increase 
of  power,  ad  infinitum. 

This  proposition  results  from  the  nature  of  the  curve 
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derived  from  the  projection  of  the  powers  of  pro¬ 
portional  magnets — which  curve  being  of  a  hyperbolic 
character,  must  continue  to  separate  to  a  greater  dis¬ 
tance  from  the  line  of  abscissae,  however  extensively 
prolonged. 

A  very  different  result  takes  places,  as  to  the  augmentation 
for  practical  utility,  when  many  bars  are  combined  in  a 
single  pile,  or  arranged  within  the  same  original  extent 
as  to  length.  In  this  case,  as  wre  have  frequently  seen 
in  the  foregoing  Investigations,  a  maximum  power, 
as  to  practical  utility,  is,  whenever  magnetic  bars  are 
so  combined,  soon  attainable.  And  although,  by  the 
employment  of  hard  steel  plates,  the  attainment  of  this 
maximum  is  greatly  protracted,  yet  in  that  kind  of 
magnet,  also,  there  is  an  obviously  increasing  tendency 
to  render  the  accumulation  of  plates,  after  a  certain 
amount,  but  little  advantageous. 


CHAPTER  VIIL 


OF  THE  MAGNETICAL  POWERS,  RECEPTIVE  AN1)  PERMANENT, 
OF  CAST  IRON,  BOTH  IN  SEPARATE  BARS  OR  PLATES, 
AND  IN  VARIOUS  COMBINATIONS  OF  PLATES. 


This  portion  of  my  Magnetical  Investigations 
is  here  introduced,  in  order  to  place  the  mag¬ 
netical  powers  of  Cast  Iron— a  substance  of  a 
somewhat  intermediate  nature  betwixt  iron  and 
steel — in  a  distinct  position  of  comparison  with 
reference  to  those  of  steel. 

So  long  ago  as  the  year  1832,  I  commenced 
a  series  of  experiments  on  the  magnetical  reci¬ 
pient  properties  of  Cast  Iron  of  various  qualities, 
with  specimens  furnished  me  by  Edward  Roscoe, 
Esq.,  of  Liverpool.  These,  however,  owing  to 
the  thickness  of  the  masses  employed  (being  an 
inch  square)  wrere  not  fitted  for  decisive  results, 
in  regard  to  the  capabilities  of  cast  iron  for  the 
magnetic  condition.  With  the  view,  therefore,  of 
a  satisfactory  determination  of  the  comparative 
capacities  of  cast  iron  and  steel,  I  recently  added 
another  class  of  experiments  with  plates  of  cast 
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iron  constructed  of  somewhat  corresponding 
dimensions  with  those  of  the  7*5  inch  steel  plates 
chiefly  used  in  the  Investigations  described  in 
chapter  iv. 

As  the  investigation  was  one  of  considerable 
interest,  with  reference  to  the  applicability  of  a 
material  so  unexpensive,  for  the  construction  of 
permanent  magnets, — I  obtained  specimens  of 
cast  iron  in  considerable  variety,  and  subjected 
each  kind  to  the  usual  tests  for  the  determination 
of  its  magnetical  properties. 

These  specimens,  with  the  exception  of  the 
series  of  “  Run-steel,"  from  Mr.  Lucas's  works 
near  Sheffield,  were  obtained  at  the  Bowling  or 
at  the  Low-Moor  Iron  Works,  in  the  parish  of 
Bradford,  under  the  kind  assistance  of  the 
managers  of  the  respective  companies. 

It  may  be  convenient,  in  giving  the  results  of 
this  inquiry,  first  to  describe  the  several  kinds  of 
cast  iron  employed  in  the  experiments,  and  then 
to  furnish,  in  consecutive  tables,  their  respective 
powers. 

1.  The  first  set  I  have  to  describe,  consisted 
of  six  plates  of  Bowling  iron,  cast  out  of  grey, 
or  No.  1,  pig-iron, — usually  considered  of  the 
best  quality,  and  of  a  good  description  of  that 
kind  of  metal.  It  is  much  less  hard,  being 
easily  scratched  with  a  file,  melts  easier,  and 
runs  more  fluid,  than  the  other  kinds  of  pig- 
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iron.  It  has  a  comparatively  dark-coloured, 
coarse- grained  fracture.  It  is  smelted  from  the 
best  ores  of  the  district,  which  ores  are  combined 
with  a  larger  proportion  of  coke  and  lime,  than 
in  the  manufacture  of  the  pig-metal  No.  2,  or 
No.  3.  The  proportions  of  the  materials  com¬ 
bined  in  the  furnace  of  course  vary  with  the 
relative  qualities  of  the  lime-stone  and  of  the 
iron-stone;  but  the  proportions  used  in  the 
Bowling  Iron  W orks,  in  the  manufacture  of  No.  1 
pig-iron  (taking  the  average  of  the  seasons  of 
summer  and  winter),  may  be  considered  to  be 
about  7  cwt.  of  coke  and  3  cwt.  of  lime-stone,  to 
6  or  7  cwt.  of  ore.  Such  is  the  effect  of  tempera¬ 
ture  or  of  humidity  on  the  process  of  smelting, 
however,  that  the  proportions  of  lime  and  coke 
employed  in  the  production  of  No.  3  iron,  in  the 
summer,  or  in  damp  mild  weather,  will  generally 
be  adequate  for  the  production  of  the  highest 
quality,  No.  1,  in  winter. 

The  six  plates  of  No.  J,  cast  iron,  employed  in 
these  experiments,  were  7*5  inches  long,  0*75 
inch  broad,  O’ 133  inch  thick,  and  weighed,  on 
an  average,  1230  grains. 

2.  Six  plates  of  white,  or  No.  3,  pig-iron. 
This  is  a  very  hard  description  of  metal,  brittle, 
and  of  a  whitish  silvery-grey  fracture.  None  of 
the. plates  of  this  set  were  scratched  with  the 
fde.  The  proportions  of  lime  and  coke  usually 
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employed  at  the  Bowling  Iron  Works,  in  the 
production  of  this  quality  of  metal,  taking  the 
average  of  summer  and  winter,  are  7  cwt.  of 
coke,  and  rather  less  than  half  the  quantity  of 
lime-stone,  to  7  or  8  cwt.  of  iron-stone. 

The  difference  of  price  in  the  market  betwixt 
cast  iron  No.  1,  and  No.  3,  is  usually  about  ten 
shillings  per  ton. 

The  d  imensions  of  the  plates  of  this  set  were 
nearly  the  same  as  those  of  the  preceding  one, 
except  as  to  thickness, — these  plates  being 
0*14  inch  thick,  and  of  the  average  weight  of 
1 400  grains. 

3.  Eight  plates  of  metal,  No.  1,  from  the 
Low-Moor  Works.  These  were  rather  shorter 
than  the  others,  being  7*2  inches  in  length, 
and  1188  grains,  average  weight.  These  were 
cast  hard,  from  the  “  Blow-hole, ”  a  furnace 
heated  by  air  thrown  into  it  by  an  engine. 
The  iron,  it  is  considered,  would  have  been 
stronger  if  it  had  been  melted  in  an  air  furnace. 

The  average  quantity  of  materials  used  at  the 
Low-Moor  Iron  Works,  for  making  a  ton  of  pig 
iron,  of  the  average  quality  and  at  the  mean 
of  different  seasons  during  last  year,  is  stated  to 
have  been  87  cwt.  of  coal,  25  cwt.  of  lime-stone, 
and  76  cwt.  of  iron-stone.  Taken  at  an  average, 
also,  as  to  season  and  weather,  about  15  cwt. 
more  coal  is  required  to  make  No.  1,  than  No.  3, 
pig  iron. 
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4.  Eight  plates  of  “gun-metal,”  from  the 
Low-Moor  Iron  Works. — This  metal  consists  of 
a  mixture  of  different  qualities  or  castings  of  pig 
iron,  selected  of  a  good  description  of  each  kind  ; 
the  object  of  the  mixture  being  to  obtain  an 
union  of  toughness  and  strength.  The  propor¬ 
tions  of  this  mixture  vary  according  to  the  size 
and  class  of  guns — lower  numbers  of  metal  being 
required,  for  producing  the  requisite  hardness, 
in  very  heavy  guns.  The  specimens  furnished 
me  were  from  metal  prepared  by  an  extra  melt¬ 
ing  for  guns  for  the  navy. 

These  plates,  like  the  former,  were  of  the 
length  of  7*2  inches;  the  average  weight  T220 
grains. 

5.  Six  plates  of  Bowling  iron  from  picked  ore, 
constituting  quality  No.  1,  pig  iron,  designed 
for  ultimately  being  made  into  spring  steel. 
This,  could  the  result  of  the  furnace  be  always 
calculated  upon,  should  be  a  first-rate  quality, 
being  the  most  expensive  in  production  of  any 
iron  made  of  Bowling  ores. 

The  dimensions  of  the  plates  corresponded, 
except  as  to  thickness,  with  the  other  sets  of 
Bowling  iron.  Average  weight  1117  grains. 

6.  Six  plates  of  “ finery  iron,”  from  the  Bowl¬ 
ing  Works,  of  the  average  weight  of  1418  grains. 
— This  description  of  metal  is  not  used  for  casting, 
in  any  manufacture  at  Bowling ;  the  process  of 
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the  refinery  being  employed  simply  as  prepara¬ 
tory  for  the  “puddling  furnace, ”  in  order  to 
the  production  of  malleable  iron. 

Whilst  the  operation  of  the  refinery  improves 
the  purity  of  the  metal,  it  separates  a  consider¬ 
able  portion  of  the  carbon  and  oxygen  from  the 
general  mass  of  the  iron,  and  yields  a  charac¬ 
teristic  quality  which  renders  the  puddling 
process  less  wasteful  and  laborious,  and  more 
equable  and  certain  in  its  results. 

The  metal  from  the  refinery  is  extremely  hard 
and  brittle,  close-grained,  and  almost  of  a  silvery 
whiteness. 

7.  Nine  plates  of  “  run-steel ,”  from  the  works 
of  Edward  Lucas,  Esq.,  of  Dronfield,  near  Shef¬ 
field. — These  were  of  the  ordinary  dimensions, 
and  weighed,  on  an  average,  1500  grains.  They 
were  requested  to  be  cast  so  as  to  give  the 
greatest  possible  hardness. 

This  metal,  in  its  original  state  of  pig-iron,  is 
obtained  from  the  red  hsemitite  of  Cumberland, 
smelted  with  charcoal,  and  so  called  “charcoal 
pig.  ’  The  characteristic  quality  of  run-steel  is 
produced  by  a  patent  process  for  rendering  the 
articles  cast  from  it  malleable.  This  is  effected 
by  cementation  with  the  peroxide  of  iron,  by 
which  the  superabundant  carbon  combines  with 
the  oxide  and  “metallizes”  it,  without  under¬ 
going  fusion  as  in  the  puddling  process.  Thus 
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treated,  the  metal  is  freed  from  the  combination 
of  elements  conducing  to  the  more  characteristic 
peculiarities  of  cast  iron,  so  as  to  approximate 
the  purity  of  malleable  iron ;  at  the  same  time 
it  retains  so  much  of  its  original  quality  as  to 
be  susceptible  of  a  considerable  degree  of  hard¬ 
ness  and  polish.  Hence  it  becomes  available 
for  the  construction  of  a  variety  of  articles,  as  a 
substitute  for  both  malleable  iron  and  steel. 

8.  Six  plates  of  best  cast  steel ,  quite  soft, 
were  employed  in  this  investigation,  for  com¬ 
parison  witli  the  powers  of  cast-iron  plates. 
These  were  of  similar  dimensions  as  the  fore¬ 
going, — length  7*5  inches,  breadth  *75  inch 
and  thickness  *137  inch,  and  the  average 
weight  1400  grains. 

9.  Three  plates  of  gun-metal ,  Bowling.  This 
iron  consisted  of  a  mixture  of  Nos.  1,  2,  and  3 
pig-iron,  with  about  a  third -part  of  old  cannon 
melted  down.  It  was  only  adapted  for  small 
guns.  Length  of  the  bars  7*5  inches,  average 
weight  1213  grains. 

10.  Three  plates  of  an  inferior  iron,  belonging 
to  the  general  denomination,  No.  3,  pig-iron, 
being  the  produce  of  “  white  rake-stone, ”  a  very 
inferior  quality  of  ore,  and  a  quality  yielding 
so  small  a  proportion  of  iron  as  not  now  to  be 
worth  smelting.  The  length  of  these  plates  was 
7*5  inches,  and  the  average  weight  1138  grains. 
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The  foregoing  specimens  of  cast  iron  were,  for 
the  most  part,  taken  from  the  pig  or  the  refinery, 
and  cast  in  what  is  technically  called  “green¬ 
sand,”  that  is,  moist  sand,  in  contradistinction 
to  dry  sand,  which,  unless  for  special  purposes, 
is  ordinarily  used  for  castings.  The  effect  of 
the  moisture  in  the  sand,  especially  on  thin 
plates,  is  to  render  the  casting  very  hard,  a 
condition  which  I  was  desirous  of  producing. 

After  being  cast,  the  plates  were  ground  to  a 
smooth  and  even  surface;  and,  being  numbered 
with  ink  marks,  were  successively  magnetized 
by  the  usual  process,  and  with  the  most  powerful 
pair  of  my  magnets.  Their  powers,  both  sepa¬ 
rately  and  in  combination,  were  then  ascertained 
at  two  lengths  distance  from  the  compass,  on 
the  revolving  ruler  of  the  trial  board,  in  the 
usual  manner. 

In  addition  to  the  varieties  of  cast  iron  now 
described,  other  specimens  were  obtained,  and 
their  magnetical  qualities  determined;  but  the 
particulars  concerning  them  have  not  been 
included,  because  not  contributing  any  thing 
satisfactory  to  the  object  of  this  investigation. 
Among  these  unrecorded  experiments  was  the 
trial  of  a  set  of  plates  cast  from  Lancashire 
charcoal  pig ,  kindly  furnished  me  by  Messrs. 
E.  Lucas  and  Son  ;  the  magnetical  powers  of 
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these  however,  though  higher,  were  not  very 
greatly  different  from  the  powers  of  the  run- 
steel,  No.  7.  This  set  was  in  the  rough,  just  as 
the  plates  were  cast ;  but  the  magnetical  powers 
did  not  appear  to  be  materially,  if  at  all,  affected 
by  this  circumstance. 

Besides  the  magnetical  qualities  exhibited  by 
the  experiments  on  the  several  specimens  of 
hard  cast  iron ,  I  tried  the  effect  of  reducing 
the  hardness  by  the  process  of  annealing.  For 
this  purpose  the  plates,  sets  1  and  2,  were  placed 
in  an  iron  box  along  with  a  quantity  of  iron 
scales  from  the  smithy.  The  box  was  then 
placed  in  a  small  furnace  and  heated  to  redness, 
and  then  closed  up  and  left  to  cool  very  slowly 
during  many  hours.  The  plates  came  out 
singularly  soft,  and  those  of  No.  1,  considerably 
ductile.  But  the  magnetic  energy,  both  in 
capacity,  singly,  as  well  as  in  combination,  and 
also  in  fixidity,  was  found  to  be  greatly  injured 
— just  in  accordance  with  analogy  in  the  case  of 
the  softening  of  steel. 

The  following  series  of  Tables  will  give,  at 
one  view,  the  particulars,  the  most  important  to 
be  determined,  concerning  the  magnetical  powers 
of  these  various  sets  of  plates. 
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Magnetical  Powers  of  various  descriptions  of 
Cast  Iron,  in  Plates  of  7*5  and  7*2  inches  in 
length,  and  *75  inch  in  breadth  ;  weighing 
from  1000  to  1500  grains  each. 


No.  of 

the 

Plates. 

Magnetical  Powers. 

No  of 

the 

Plates. 

Magnetical  Powers. 

Separately. 

In  Combina¬ 
tion. 

Separately. 

In  Combina¬ 
tion. 

I. 

Cast  Iron, 

No.  1. 

11 

.  Cast  Iron 

,  No.  3. 

7‘5  inch. — Weight, 

I*2o0  Grain 

7‘5  inch. — Weight, 

1 400  Grains. 

o  ' 

o  ' 

0  ' 

0  ' 

1 

13*53 

13*53 

1 

io-o 

100 

2 

13*52 

18-10 

2 

10-15 

12*30 

3 

13*35 

20-34 

\ 

3 

10*0 

14*20 

4 

13-37 

2215 

4 

10*15 

15-40 

5 

13-40 

24-20 

5 

950 

10-35 

6 

13-20 

25-47 

6 

10-23 

17*44 

Mean. 

13-41 

— 

Mean. 

10-7 

■ 

III.  Cast  Iron,  No.  1. 

IV.  Gun  Metal. 

7'2  inch. — Weight, 

1 188  Grains. 

7  2  inch. — Weight, 

1220  Grains. 

0  ' 

o  ' 

0  ' 

0  ' 

1 

13*14 

13*14 

1 

13-20 

13-20 

2 

13-52 

18-7 

2 

13*15 

10  47 

3 

13-30 

20-45 

3 

13-4 

18-40 

4 

13*27 

22-30 

4 

12-50 

20-47 

5 

1  *'20 

24-10 

5 

12-45 

22-0 

6 

13-14 

25*40 

6 

12-35 

23-12 

7 

13-32 

27-10 

7 

13*10 

24*52 

8 

13*40 

28-25 

8 

130 

20*0 

Mean . 

13-29 

Mean. 

13-0 
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No. 

of 

Plates. 

Magnetical  Powers. 

No. 

of 

P  lates. 

Magnetical  Powers. 

Separately. 

In  Combina¬ 
tion. 

Separately. 

In  Combina¬ 
tion, 

V.  Steel 

Iron. 

> 

J I.  Refinery  Iron. 

Weight,  1117 

Grains. 

Weight,  1418  Grains. 

O  f 

o  > 

O  ' 

O  ' 

1 

10*32 

10-32 

1 

12-29 

12-29 

2  . 

11-33 

15*8 

2 

12*40 

16*16 

3 

12-18 

18-9 

3 

12-7 

18-14 

4 

11-14 

19-24 

4 

11-45 

20'4 

5 

8*42 

20-10 

5 

12-19 

21-36 

6 

11-53 

22*0 

6 

12-1 

23-15 

Mean. 

11-2 

Mean. 

12-13 

VII.  Lucas’s  Run  Steel. 

VIII.  Soft  Cast  Steel. 

Weight,  1500 

Grains. 

Weight,  1400  Grains. 

O  ' 

0  ' 

O  ' 

O  ' 

1 

9-40 

9*40 

1 

13*15 

13-15 

2 

10-32 

13*10 

2 

13*20 

16-4 

3 

10-15 

14*10 

3 

13*25 

17*37 

4 

10-10 

15-55 

4 

13-23 

18-45 

5 

10*12 

17*0 

5 

13-12 

19-55 

6 

10-32 

18-30 

6 

13*47 

21.50 

Mean. 

10-13 

Mean. 

13*24 

IX.  Gun  Metal. 

X.  White  Rake , 

No.  3  Iron. 

7*5  inch.  Weight, 

1213  Grains. 

Weight,  1138  Grains. 

0  • 

0 

O  ' 

o  ' 

1 

9-35 

9-35 

1 

8-42 

8-42 

2 

9-15 

11-42 

2 

8-35 

11-15 

3 

9-8 

13*14 

3 

8-58 

12-28 

Mean. 

9-19 

Mean. 

9*19 
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It  may  be  proper  to  notice,  in  connexion  with 
the  specimens  used  in  these  experiments,  that 
the  characteristic  difference  betwixt  the  various 
qualities  and  kinds  of  cast  iron  produced  in  the 
works  from  whence  they  were  supplied — is  con¬ 
sidered  mainly  to  arise  from  differences  in  the 
quality  of  the  ore,  and  from  differences  in  the 
; proportions  of  the  materials  used  in  the  smelting. 
Thus,  from  the  greater  quantity  of  coke  em¬ 
ployed  in  the  production  of  “  No.  1,  pig  metal,” 
there  is  supposed  to  result  a  larger  proportion  of 
carbon  in  combination  with  the  metal.  Hence, 
No.  1,  pig  metal,  has  been  described  as  a  super- 
carbonated  crude  iron;  and  No.  3,  as  a  “carbo- 
oxygenated  crude  iron.' 

These  distinctions,  however,  are  not  universally 
acknowledged;  for  some  chemists  consider  that 
the  characteristic,  differences  observable  in  the 
several  kinds  of  cast  iron  are  rather  owing;  to 
the  mode  of  combination  of  the  constituent 
elements,  than  in  the  quantity  of  carbon.  But 
the  result  of  these  experiments  would  have  led 
me  to  infer  that  there  is  a  predominance  of 
carbon  in  the  quality  No.  1,  pig-iron. 

Whatever  be  the  characteristic  quality  of  iron, 
ordinarily  produced  from  any  specific  kind  of 
ore,  or  proportion  of  materials;  this,  as  we  have 
already  remarked,  is  subject  to  considerable 
differences,  arising  from  other  causes.  Thus, 
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besides  the  effects  of  management  in  the  pro¬ 
cess  of  smelting,  both  the  quality  and  quantity 
of  the  produce  of  the  furnaces  are  found  to  be 
essentially  influenced  by  the  temperature  and 
by  the  hygrometrical  and  electrical  (?)  state  of 
the  atmosphere — a  low  temperature  and  dry  air 
being  decidedly  favourable,  and  warmth  and 
dampness,  or  an  electric  condition  of  the  air, 
being  considered  unfavourable  to  the  manufac¬ 
ture  of  cast  iron. 

Reasoning  on  the  analogies  with  regard  to 
the  magnetical  properties  of  steel,  compared 
with  those  of  iron,  —  I  had  supposed  that  the 
magnetical  qualities  in  cast  iron  should  increase 
with  the  predominance  of  the  carbon,  and 
diminish  both  with  the  diminution  of  carbon  or 
proportional  predominance  of  oxygen  : — consi¬ 
dering  that  it  was  probably  the  predominance  of 

either  of  these  alterative  elements  to  which,  in 

^  ' 

considerable  measure,  the  different  magnetical 
capabilities  of  the  metal  were  to  be  ascribed. 

This  idea,  if  not  fully  substantiated,  is  not 
altogether  disproved  by  the  foregoing  experi¬ 
ments,  in  which,  it  is  observable,  that  the 
quality  of  No.  1,  pig  metal,  usually  considered 
as  the  most  highly  carbonized,  exhibits,  among 
the  various  kinds  of  iron  examined,  the  highest 
magnetical  qualities ;  whilst  the  refinery  iron, 
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which  clearly  possesses  less  carbon  than  the 
others,  has  lower  magnetic  qualities. 

The  proportional  energy  and  fixidity  of  mag¬ 
netism  in  cast  iron,  it  will  be  seen,  are  low  in 
comparison  of  these  properties  in  hard  steel ;  but 
not  so  if  compared  with  plates  of  like  magnitude 
of  soft,  or  slightly  tempered,  steel.  And  it  is 
by  no  means  improbable,  but  peculiar  specimens 
of  cast  iron  from  other  ores  might  afford  still 
higher  capabilities  for  the  magnetic  condition. 

In  diagram,  No.  5,  the  magnetical  powers  of 
the  best  cast  iron  are  represented  by  one  of  the 
lowest  curves,  where  they  can  be  compared,  by 
the  eye,  with  the  powers  of  both  soft  and  hard 
steel  plates  of  various  denominations.  The  rela¬ 
tive  powers  of  plates  of  soft  cast  steel  appear  in 
the  lowest  curve  of  the  whole  ;  and  those  of  a 
series  of  solid  bars  of  blister  steel,  tempered  at 
the  ends,  weighing  1580,  2630,  and  5280  grains, 
respectively,  constitute  the  intermediate  curve 
betwixt  hard  cast-iron  and  soft  cast-steel.  The 
conclusions  arrived  at  from  this  examination, 
with  a  more  definite  view  of  the  proportional 
powers  and  magnetic  capabilities  of  cast  iron, 
are  given  in  the  following  summary  of  Proposi¬ 
tional  Results. 


RESULTS. 


Notwithstanding  the  variety  of  specimens  of 
Cast  Iron ,  subjected  to  experiment  for  the  trial 
of  their  respective  magnetic  properties,  only  a 
very  few  general  results  are  suggested  by  these 
Investigations.  The  following,  however,  seem 
to  be  fairly  borne  out  by  the  experiments. 

1.  That  Cast  Iron  possesses  considerable 
powers  for  magnetism,  both  in  capacity  and 
retentiveness,  though  greatly  inferior  in  both 
qualities  to  those  of  properly  hardened  steel. 

A  very  cursory  inspection  of  the  preceding  tables  will  be 
sufficient  to  justify  this  general  proposition. 

2.  That  the  best  qualities  of  cast  iron,  dis¬ 
tinguished  by  their  higher  value  in  commerce — - 
seem  to  possess,  unless  very  deficient  in  carbon, 
the  highest  magnetical  properties. 

Thus  the  quality  No.  1,  pig,  which  usually  bears  a  price  in 
the  market  of  about  10s.  a  ton  higher  than  that  of  No.  3, 
is  seen  to  possess  a  great  superiority  in  its  magnetical 
qualities,— see  set  No.  i.  and  No.  n.  So  also,  Low- 
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Moor  gun  metal,  steel-iron,  and  finery  iron,  exhibit 
good  magnetical  qualities ;  whilst  the  commoner  iron, 
sets  n.  and  x.,  and  the  mixed,  set  ix.,  give  lower 
degrees  of  energy. 

The  low  energy  of  set  ix.,  was  probably  occasioned  by 
some  accidental  cause — either  by  the  casting  being  less 
hard,  or  by  being  incorporated  with  a  decarbonized 
quality  of  old  metal. 

3.  That  in  any  particular  quality  of  cast  iron, 
the  hardness  produced  by  the  rapid  cooling 
of  the  casting,  is  favourable  to  the  magnetic 
energy. 

The  experiment  on  the  annealing  of  sets  No.  1.  and  n. 
referred  to  at  page  338,  abundantly  proved  this 
reasonably  anticipated  result. 

4.  That  the  existence  of  carbon  in  the  cast 
iron,  appears  to  be  beneficial  to  its  magnetical 
properties,  and  the  processes  for  decarbonizing, 
therefore,  injurious. 

The  low  powers  of  the  “  Run  steel,”  set  vii.,  which,  in 
its  general  qualities  promised  to  be  superior,  indicates, 
I  think,  that  this  proportion  is  accordant  with  fact. 
And  even  the  case  of  the  refined  iron,  set  vi.,  the  powers 
of  which  are  very  considerable,  does  not  militate  against 
this  conclusion  ;  since  the  refining  process,  whilst  it 
improves  the  purity  and  increases  the  hardness  of  the 
iron,  leaves  it  ultimately  of  lower  magnetical  capabilities 
than  before  its  being  thus  partially  decarbonized. 

The  experiment  with  iron,  cast  from  Lancashire  charcoal 
pig  (page  337),  did  not  fulfil  the  expectation  formed 
concerning  that  quality.  It  is  difficult,  however,  from 


346 


MAGNETICAL  INVESTIGATIONS. 


any  single  set  of  castings?  to  draw  general  conclusions; 
as  an  accidental  peculiarity  in  the  portion  of  original 
metal  selected,  or  in  the  method  of  casting?  might  have 
a  considerable  influence  on  the  resulting  character  of 
the  plates. 

5.  That  in  relation  to  steel?  the  magnetical 
properties  of  the  best  kinds  of  cast  iron?  are 
equal?  if  not  greater  than?  those  of  soft  cast  steel 
[C.  S.]  in  single?  medium?  or  thick  plates;  and 
considerably  superior  to  soft  steel  in  large  masses 
or  in  combinations  of  several  plates. 

Comparing  tables  i.,  hi.?  and  iv.?  with  that  representing 
the  power  of  soft  cast  steel?  vin.,  this  result  is  clearly 
established;  whilst  the  lower  curves  in  diagram?  No.  5, 
exhibit  the  fact  plainly  to  the  eye. 

6.  That  cast  iron  of  the  best  magnetical 
qualities?  such  as  No.  1?  pig-metal?  if  cast  very 
hard  in  thin  bars  or  plates?  appears  to  be  capable? 
by  combination?  of  forming  as  powerful  magnets 
as?  or  even  more  powerful  than?  solid  massive 
bars  of  ordinary  steel  if  only  hardened  slightly 
at  the  ends?  or  in  the  manner  heretofore  com¬ 
monly  adopted  in  the  construction  of  magnets  in 
this  country. 

This  is  a  result  drawn  from  a  comparison  of  the  powers 
of  the  cast-iron  plates  given  in  the  foregoing  tables? 
especially  of  sets  i.?  ir.?  and  iv.?  with  the  powers  of 
a  series  of  solid  bars?  tempered  at  ends?  E?  as  shewn  in 
page  343.  A  result,  very  nearly  accordant?  was  derived 
from  a  like  comparison  of  the  cast-iron  7 '5  inch  plates? 
with  the  set  of  cast  steel  six-inch  bars?  E,  tempered  at 
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tlie  ends,  represented  in  the  diagram,  plate  n.  The  rela¬ 
tive  powers  being  reduced  to  a  common  standard  in 
relation  to  the  different  lengths,  it  appeared  that,  in 
masses  below  GOOD  grains  weight,  the  solid  steel  bars  (in 
the  case  of  magnets  of  7*5  inches  in  length)  had  the 
advantage;  but  the  curve  of  the  powers  of  cast-iron 
plates  crossed  that  of  solid  bars,  tempered  E,  at  the 
weight  of  about  6000  grains,  and  beyond  that  weight 
the  cast  iron  appeared  to  gain  the  pre-eminence. 


CHAPTER  IX. 


ON  THE  MEASURE  OF  PERMANENCY  OF  THE  ENERGY  IN 
STRAIGHT-BAR  MAGNETS,  BOTH  SINGLE  AND  COMPOUND, 
AND  OF  DIFFERENT  DEGREES  OF  HARDNESS,  AS  SELF- 
SUSTAINED,  OR  AS  INFLUENCED  ONLY  BY  TERRESTRIAL 
MAGNETISM  . 


All  artificial  magnets,  especially  those  in  a 
highly  energetic  condition,  are  subject  to  dete¬ 
rioration  of  power,  unless  particularly  protected 
by  conductors  betwixt  contrary  poles,  or  other 
sustaining  influence. 

Questions  of  considerable  interest  and  im¬ 
portance,  as  concern  the  use  and  efficiency  of 
magnetical  instruments,  naturally  arise  out  of 
the  knowledge  of  this  tendency  to  deterioration. 
What  may  be  the  rate  of  deterioration  in  the 
energy  of  magnets,  as  accelerated  or  retarded 
by  terrestrial  magnetism?  what  may  be  the 
relative  effects  of  various  degrees  of  hardness  on 
the  retentiveness  of  the  magnetic  condition  ? 
and,  whether  the  permanency  of  combinations  of 
magnetic  plates  or  bars  be  as  great  as,  or  greater 
than,  that  of  single  or  solid  bar  magnets? 
The  permanency  here  referred  to,  it  should 
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be  observed,  is  not  as  to  fixidity  under  the 
action  of  magnet  upon  magnet;  but  that  of  the 
simple  sustaining  power  of  the  substance  of 
which  the  magnet  is  composed,  under  the  mere 
operation  of  the  ordinary  tendency  in  the  mag¬ 
net  to  return  to  a  neutral  condition,  or  as  affected 
only  by  terrestrial  magnetism. 

The  inquiries  herein  suggested,  evidently 
belong;  to  the  results  of  continuous  action  in 
the  influences  tending  to  deteriorate  the  mag¬ 
netic  energy  ;  inquiries,  therefore,  only  to  be 
answered  satisfactorily  by  repeated  experiments 
made  on  the  same  magnets,  cautiously  laid  by, 
after  considerable  intervals  of  time. 

For  this  purpose,  trial  of  the  permanency  of 
the  magnetic  condition  was  made  on  a  variety 
of  plates  and  bars,  both  single  and  compound  ; 
the  plates  in  some  of  the  latter  being  separated 
throughout  by  discs  of  wood,  some  separated 
partially,  and  others  placed  together  in  contact. 
And  although  with  the  more  extensive  combi¬ 
nations  the  investigations  were  but  imperfectly 
carried  out;  yet  enough  has,  I  conceive,  been 
accomplished  for  shewing  the  relative  conser¬ 
vative  power  both  of  the  compound  arrangement 
of  magnetized  plates  (having  reference  to  forms 
of  combination  suitable  for  the  directing  mag¬ 
nets  or  needles  of  sea-compasses)  and  of  single 
bar  magnets,  during  considerable  periods  of 
time. 
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Sect.  I. — In  the  first  instance,  I  instituted  a 
comparison,  in  a  series  of  twelve  experiments, 
betwixt  different  sets  of  thin  two-feet  magnetical 
plates,  tempered  throughout,  six  in  each  set, 
and  separated  by  discs  of  about  the  tenth  of  an 
inch  in  thickness  ;  and  four-bar  magnets  of  two 
feet  in  length,  of  considerable  power,  two  of 
them  being  tempered  throughout,  and  two  only 
tempered  at  the  ends.  The  experiments  with 
the  series  of  thin  plates,  were  made  at  one  length 
distance  from  the  compass, — those  with  the  bars, 
at  two  lengths;  but  the  comparison  as  to  the 
proportion  of  loss  is  equally  satisfactory.  During 
the  interval  betwixt  the  two  trials  of  their  powers, 
the  several  sets  of  plates,  or  bars,  were  left  with¬ 
out  conductors,  at  a  considerable  distance  from 
other  magnets,  and  generally  laid  in  a  horizon¬ 
tal  position,  east  and  west,  so  as  to  derive  neither 
support  nor  injury  from  the  earth’s  magnetism. 
And  each  bar  or  set  of  plates,  was,  for  the  most 
part,  first  tried  immediately  after  being  mag¬ 
netized,  or  combined  in  series,  so  as  to  be  in  its 
most  energetic  condition. 

The  annexed  table  exhibits  the  results  of  the 
experiments  for  determining  the  change,  or 
subsidence,  in  energy  of  combinations  of  six 
magnetized  steel  plates,  of  two  feet  in  length, 
when  left,  for  a  specific  period,  unprotected. 
The  weight  of  each  set  of  six  plates  was 

O  JL 

about  2*5  lbs. 
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Series 

of 

Plates. 

Interval 

of  time 

in  days. 

Power  when  first  tried. 

Power  when 

re-examined. 

Mean 

Deviation. 

Tangent. 

Mean 

Deviation. 

Tangent. 

o  ' 

O  ' 

A 

3 

56*15 

1497 

55*45 

1469 

B 

3 

55  25 

1450 

54*48 

1418 

A 

4 

54*40 

1411 

54*20 

1393 

A 

7 

54*40 

1411 

54*17 

1391 

A 

11 

54*18 

1392 

54*23 

1396 

B 

3| 

55*25 

1450 

54*45 

1415 

C 

3i 

54*3 

1379 

53*5 

1331 

E 

H 

52*32 

1305 

51*17 

1247 

A 

23 

56  3 

1485 

55*51 

1474 

B 

23 

53*57 

1374 

53’9 

1334 

F 

23 

48*50 

1144 

48*46 

1141 

B 

6 

54*43 

1413 

54*25 

1398 

Mean  j 

9*46  | 

1392*6 

|  1367-2 

Average  loss 

per  cent,  in  9-46  days 

,=1*82. 

The  reten tiveness  of  these  various  sets  of  com¬ 
bined  plates,  as  compared  witli  that  of  single-bar 
magnets  of  corresponding  length  and  breadth, 
was  tried  by  examining  the  magnetic  powers, 
respectively,  of  various  single  bars,  after  certain 
intervals  of  time — commencing  with  the  highest 
magnetic  energy  of  which  they  were  susceptible. 

The  experiments  for  determining  the  subsi¬ 
dence  of  energy  in  four  separate  two-feet  bar 
magnets  of  considerable  power,  when  left,  for  a 
short  specified  period  unprotected,  are  herein 
exhibited.  Each  of  the  bars  X  were  of  the 
weight  of  about  6^  lbs. ;  those  marked  Y  were 
a  little  under  3  lbs.  weight  each. 


352 


MAGNETICAL  INVESTIGATIONS. 


Description 

of 

Interval 

of  time. 

Powers  when  first 

Magnetised. 

Powers  when 

re-examined. 

Bars. 

Days. 

Deviation. 

Tangent. 

Deviation. 

Tangent. 

X  1. 

3 

o  ' 

14-35 

260 

o  ' 

14'24 

257 

X  2. 

3 

15*7 

270 

14-44 

263 

Y  1. 

3 

7*41 

135 

7*31 

132 

Y  2. 

3 

7*45 

136 

7-41 

135 

Y  1. 

10 

7.41 

135 

7*29 

131 

Y  2. 

10 

7-45 

136 

7*38 

134 

Sum. 

32 

1072 

1052 

Mean. 

53 

Loss 

per  cent,  in  5 *3  day 

s— 1-87 

As  far  as  these  experiments  go,  we  find,  that 
the  subsidence,  or  loss  of  power,  in  the  single- 
bar  magnets  wherein  the  tension  (or  total  energy) 
was  inferior,  was  even  greater  in  5*3  days,  than 
that  of  the  combination  of  plates,  in  9*46  days — 
indicating  a  permanency,  or  tenacity  of  power, 
in  favour,  on  the  whole,  of  the  compound  series. 

The  loss  of  power  per  cent,  in  these  experiments, 
during  so  short  period,  is  not  to  be  considered  as 
by  any  means  implying  that  a  corresponding  loss 
of  power  would  take  place  in  subsequent  similar 
periods.  For  in  some  single  experiments,  made 
with  other  sets  of  plates,  a  very  remarkable  tena¬ 
city  was  observed  during  far  longer  intervals  of 
time.  The  immediate  loss  of  power  here  observed 
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is  comparatively  great,  because  of  the  bars  or 
plates  being  magnetized  beyond  their  strength  for 
retention;  but  if  the  first  tendency  to  subside  be 
somewhat  aided  by  the  juxta-position  of  other 
adverse  or  opposing  magnetic  influence,  the  power 
will  at  once  sink  to  a  certain  extent,  and  then 
the  subsequent  deterioration,  from  mere  subsi¬ 
dence  of  power,  is  found  to  be  less  considerable. 
And  when  that  adverse  magnetic  influence  has 
been  considerable — such  as  that  of  a  moment’s 
contact  of  the  extremity  of  a  bar  or  series  of 
plates  with  the  like  pole  of  another  magnet — 
then  the  power  is  found  in  certain  cases  to  sink 
even  below  the  real  strength  of  the  magnet  for 
retention,  so  as  to  be  recovered  in  some  measure 
by  being  laid  in  a  favourable  position,  or  within 
the  influence  of  the  converse  polarity  of  another 
magnet.  In  one  example,  the  fifth  in  the  series 
of  the  first  of  the  tables  just  given,  an  increase 
of  the  original  power  was  indicated;  but  whether 
this  arose  from  some  such  accidental  influence, 
or  from  error  of  observation,  I  have  no  means  of 
satisfactorily  determining.  But,  notwithstanding 
the  discrepancy  of  that  particular  example,  I 
could  not  feel  justified  in  excluding  it  from  the 
series. 

In  order  to  shew  the  measure  of  permanency 
in  the  compound  series  for  more  considerable 
intervals  of  time,  and  likewise  the  diminish- 
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ing  deterioration  after  the  first,  i  would  next 
adduce  an  experiment  with  two  sets  of  smaller 
plates,  to  which  the  table  at  page  137  refers. 
After  the  experiments  specified  in  that  table, 
each  series  of  plates,  twelve  in  number,  was 
tied  tight  with  twine,  and  laid  aside,  being  kept 
carefully  clear  of  all  other  magnets,  as  well  as  of 
each  other.  The  powers  of  both  series,  at  two 
lengths  from  the  compass,  previous  to  being  put 
aside,  with  their  powrnrs  on  examination  after 
intervals  of  one  day,  and  of  sixty-four  days, 
were  as  follows: — 


Original  Power. 

Power  after 

1  Day. 

Power  after 

64  Days. 

Mean 

Deviation 

Tan¬ 

gent. 

Devia¬ 

tion. 

Tan¬ 

gent. 

Devia¬ 

tion. 

Tan¬ 

gent. 

Harder  Series,  reduced  \ 
only  in  the  middle.  J 

o  ' 

24-57 

465 

o  ' 

24-5 

447 

o  ' 

22-50 

421 

Softer  Series,  reduced 
throughout.  J 

23-21 

432 

22  32 

415 

20-30 

374 

Now  these  observations  indicate  a  loss  of  power 
in  the  harder,  of  3*88  per  cent,  in  the  first  day, 
and  of  5  82  per  cent,  in  the  next  sixty-four  days; 
and  a  loss  of  3#93  per  cent,  in  the  softer  series, 
the  first  day,  and  9' 88  per  cent,  in  the  next 
sixty-four  days.  The  greater  degree  of  perma¬ 
nency  of  the  harder  plates  is  here  very  decidedly 
shewn — which,  probably,  would  have  been  still 
more  striking  had  a  comparison  been  instituted 
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with  other  plates  in  which  the  difference  of  tem¬ 
per  was  greater.  The  position  of  these  bundles 
of  plates,  when  laid  up  in  the  intervals  of  the  trials 
of  their  powers,  was  in  the  line  of  the  magnetic 
east  and  west,  nearly ;  hence,  in  a  condition  in 
which  terrestrial  magnetism  became  inoperative. 

Sect.  II.  The  measure  of  permanency  of  the 
magnetic  condition  in  smaller  bars  of  various 
degrees  of  hardness,  both  single  and  compound, 
but  chiefly  single,  was  tried  for  much  longer 
intervals  of  time. 

In  one  series  of  experiments,  plates  and  bars, 
both  single  and  compound,  of  the  length  of 
7  5  inches  were  employed.  These  consisted  of 
a  moderately  hard  bar  of  shear  steel  (about  the 
temper  T)  of  5310  grains  weight;  three  plates 
of  shear  steel,  weighing  about  650  grains  each, 
of  different  degrees  of  hardness;  and  a  compound 
bar  of  three  plates  of  hard  cast  steel  tied  toge¬ 
ther,  weighing  nearly  2000  grains. 

These  five  magnets  (all  being  magnetized  in 
th  e  highest  degree)  were  laid  in  a  cabinet,  suffi¬ 
ciently  separated  to  guard  against  any  sensible 
influence  from  each  other,  with  their  marked 
ends  toward  the  north — or  in  the  direction  they 
would  have  assumed  if  suspended  on  a  pivot 
as  compass  needles.  After  remaining  about 
two  months,  their  powers  were  examined  ;  when 


356 


MAGNETICAL  INVESTIGATIONS. 


there  appeared  a  very  slight  subsidence  (scarcely 
amounting  to  two  per  cent,  on  the  whole)  of  the 
original  energy,  being  the  greatest  in  the  heaviest 
bar  of  shear  steel.  The  magnets  being  replaced 
in  the  cabinet,  as  before,  were  allowed  to  remain, 
with  only  one  trial  intermediately,  for  rather 
more  than  a  year,  when  they  were  again  placed 
in  succession  on  the  ruler  of  the  Trial-hoard , 
and  their  directive  powers  determined.  In  four 
out  of  five  (the  other  having  been  removed  during 
the  interval)  the  powers  were  so  nearly  the  same 
as  they  were  a  twelve-month  before,  that  the 
alterations  did  not  exceed  the  small  discrepancies 
which  might  be  expected  to  arise  from  the  errors 
of  observation  and  of  the  adjustment  of  the 
apparatus :  for  the  average  deterioration  did 
not  exceed  a  four-hundredth  part  of  the  whole 
power. 

A  second  series  of  experiments  was  coinci- 
dently  proceeded  with,  in  which  six-inch  plates 
and  bars  were  employed.  These  consisted  chiefly 
of  selections,  of  different  degrees  of  hardness, 
out  of  the  series  employed  in  the  Investigations 
of  chapter  v.,  Part  i. 

This  set  of  bars  was  treated  somewhat  differ¬ 
ently  from  the  former— three  of  them,  after  being 
fully  magnetized,  being  slightly  reduced  by  being 
placed  near  the  test  bar,  with  similar  poles  con¬ 
tiguous,  at  the  distance  of  two  inches  above  it. 
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The  effect  of  this  is  shewn  in  the  annexed  table 
by  the  differences,  in  the  case  of  the  first  three 
bars,  betwixt  the  powers  in  columns  hi.  and  iv. 
In  the  case  of  the  last  three  bars  (one  of  them 
being  compound),  where  the  powers  in  column  iv. 
are  marked  with  an  asterisk,  no  reduction  of  the 
maximum  powers  was  made. 

The  powers  of  the  bars,  when  first  placed  in 
the  cabinet,  October  22,  1841,  are  given  in 
column  iv.;  their  respective  powers,  when  ex¬ 
amined  March  21,  1842,  in  column  v.;  and 
their  powers  when  again  tried,  March  27,  1843, 
in  column  vi.  The  position  in  which  the  bars  lay 
was  in  the  direction  of  the  magnetic  meridian; 
the  marked  ends  towards  the  north. 


Mark 

of 

Bars. 

Weight 

in 

Grains. 

Maxi¬ 

mum 

Powers. 

Powers  as 
placed  in 
Cabinet, 
Oct.  -2‘2, 
1841. 

Powers 
as  tried 
Mar.  21, 
184‘2. 

Powers 
as  tried 
Mar.  "27, 
1843. 

Loss  per  Cent. 

In  5 

Months. 

In  17 

Months. 

In  the 
interme¬ 
diate  1‘2 
Months. 

i. 

n. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

o  ' 

o  ' 

o  ' 

0  ' 

II.  ii. 

1404 

32-37 

32-8 

31-50 

31-3 

1-1 

41 

30 

T.  ii. 

1535 

28-55 

27-40 

27-26 

27-23 

0-9 

1-1 

0-2 

E.  ii. 

1518 

20-50 

19-37 

19  22 

1923 

1-0 

l-l 

0-1 

i .  in. 

710 

22-57 

22-57* 

22-25 

22-25 

2-4 

2-4 

0  0 

E.iu.  iv 

984 

21-46 

21  46* 

2110 

20-49 

3-0 

4-8 

1-8 

S.  i. 

3G50 

18  52 

18-52* 

18-45 

18-29 

1-1 

2-4 

1-3 

Mt 

?an  Res 

ults  - 

— 

1-6 

2-7 

I 

1-1 

Comparing  the  tangents  of  the  deviations 
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given  in  columns  iv.,  v.,  and  vi. ;  we  obtain  the 
loss  per  cent,  in  each  bar  after  an  interval  of  five 
months,  as  given  in  column  vn.;  of  seventeen 
months,  as  given  in  column  viii.  ;  and  in  the 
interval  of  the  intermediate  twelve  months  as 
given  in  column  ix.  Three  of  the  bars,  it  will 
be  observed,  suffered  scarcely  a  sensible  loss,— 
the  mean  loss  being  only  one-tenth  per  cent. 
The  greatest  loss,  it  is  remarkable,  was  found  in 
the  case  of  the  hardest  bar,  nii.  But  this  seems 
so  contrary  to  analogy,  that  a  suspicion  neces¬ 
sarily  arises  that  it  must  have  received  some 
accidental  deterioration  whilst  under  trial. 

Here  we  find  the  average  loss,  in  the  first  five 
months,  to  be  T6  per  cent.,  and  in  the  inter¬ 
mediate  twelve  months  1*1  per  cent.;  total  2*7 
per  cent.  If  we  compare  the  bars  which  were 
slightly  reduced  by  proximity  to  the  test-bar, 
with  those  placed  in  the  cabinet  at  their  maxi¬ 
mum  energy,  we  find  an  average  loss  of  2*1  per 
cent,  in  the  former,  and  of  3*2  per  cent,  in  the 
latter  — a  result  which  was  naturally  anticipated. 
Were  we,  indeed,  to  omit  the  apparently  defec¬ 
tive  experiment  of  bar  n  ii.,  we  should  have  a 
mean  deterioration  in  the  unreduced  bars  of 
3*2  per  cent,  in  seventeen  months,  and  of  the 
reduced  bars  of  T1  per  cent.;  and  a  mean 
deterioration  of  the  same,  in  the  last  twelve 
months,  of  TO  and  0*1,  respectively.  It  will  be 
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observed  that  the  proportional  loss  of  power  does 

not,  in  this  case,  seem  to  be  so  materially  in 

relation  to  the  degree  of  hardness  as  might  have 

o  o 

been  anticipated;  and  that  magnets  of  moderate 
powers,  of  any  measure  of  hardness,  if  placed 
properly  in  the  magnetic  meridian,  and  kept  at  a 
distance  from  all  other  magnetic  influences,  are 
capable  of  retaining  their  powers,  with  little  or 
almost  no  loss,  for  long  periods  of  time. 

The  bars  employed  in  these  latter  experiments 
were  re-magnetized  to  their  highest  capabilities 
immediately  after  their  several  powers,  as  given 
in  column  vi.  of  the  preceding  table,  had  been 
determined.  Their  powers  having  been  again 
tried,  they  were  placed,  as  before,  in  a  horizontal 
position  in  the  cabinet,  with  their  marked  ends 
towards  the  north.  On  the  27th  of  October, 
1843,  an  interval  of  exactly  seven  months,  they 
were  again  examined.  No  perceptible  loss  of 
power,  on  the  average  of  the  series,  could  be 
detected  ;  on  the  contrary,  some  of  the  bars 
seemed  to  have  received  a  slight  augmentation 
of  power  by  the  favourable  action  of  the  earth’s 
magnetism.  The  mean  powers  of  five  bars 
remained  the  same  as  at  first.  The  compass, 
however,  having  in  the  mean  time  undergone 
repairs,  and  the  agate  in  the  central  cap  having 
been  changed,  it  was  impossible  to  determine 
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whether  or  not  there  might  be  some  slight  alter¬ 
ation  in  the  centring  of  the  needle  sufficient  to 
effect,  in  a  very  minute  degree,  the  indications 
of  the  instrument. 

The  experiments,  I  may  here  observe,  relating 
to  the  property  of  steel  for  sustaining  the  mag¬ 
netic  energy,  are  matters  of  very  great  delicacy 
of  management,  because  of  the  extreme  suscepti¬ 
bility  of  that  property  under  any  extraneous 
magnetic  influence.  For  not  only  may  an 
instantaneous  approach  of  one  magnet  within 
the  sphere  of  influence  of  another  magnet  alter 
the  power  of  the  former,  or  of  both  ;  but  even  a 
change  in  the  position  of  a  highly  magnetized  bar 
from  the  horizontal  to  the  vertical,  may  produce 
a  very  perceptible  alteration  in  the  deviating 
power  of  such  bar. 


RESULTS. 


Though  this  part  of  my  Investigations  has  not 
been  carried  to  the  extent  which  I  could  have 
desired,  and,  though  the  results  are  not  in  every 
respect  accordant  with  presumed  analogies  ;  yet 
so  much  appears  satisfactory  as  to  justify,  I 
think,  these  general  conclusions:  — 

1.  That  the  degree  of  retentiveness  of  magnets 
is  directly  as  the  hardness,  and  inversely  as  the 
energy. 

Taking  all  the  causes  of  deterioration  into  account,  such 
as  the  action  of  terrestrial  or  other  magnetism  in  un¬ 
favourable  directions.,  this  proposition  will  be  found  a 
general  law;  though  under  circumstances  of  favourable 
position,  in  regard  to  the  direction  of  the  earth’s  mag¬ 
netism,  the  effect  of  hardness,  on  the  one  side,  or  of 
great  energy,  on  the  other,  may  not,  in  moderate  inter¬ 
vals  of  time,  be  very  perceptible. 

The  difference  in  retentiveness  observable  betwixt  the 
softer  and  harder  series  of  plates  described  at  the  con¬ 
clusion  of  §  1,  is  corroborative  of  the  proposition  under 
consideration — the  loss  sustained  by  the  softer  series  in 
G4  days  being  9-88  per  cent.,  and  by  the  harder  set  only 
5-82. 


B  B 
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2.  That  the  loss  of  energy  by  time,  in  unpro¬ 
tected  magnets,  whether  single  or  compound, 
is  much  more  considerable  at  first  than  subse¬ 
quently. 

In  the  case  of  the  two  compound  series  of  smaller  plates 
described  at  page  354,  we  find  that  the  harder  lost 
two-thirds  as  much  power  the  first  day,  as  it  subse¬ 
quently  did  in  64  days. 

And  in  the  case  of  the  several  six-inch  bars,  the  effects  of 
time  on  the  magnetism  of  which  are  shewn  in  the  table 
at  page  357,  nearly  one-half  more  deterioration  occurred 
in  the  first  five  months  than  in  the  subsequent  twelve 
months. 

3.  That  combinations  of  magnetized  plates  of 
tempered  or  hard  steel,  appear  to  be  fully  as 
favourable  for  the  retention  of  the  magnetic 
energy  as  single  magnets  of  similar  mass,  and 
probably  more  retentive  than  single  bars  of 
corresponding  power,  —  especially  if  the  plates 
in  combination  be  separated  to  a  little  distance 
from  each  other  so  as  to  attenuate  the  intensity 
of  the  energy  in  the  compound  magnet. 

This  result  is  deduced  from  the  considerations  drawn  from 
a  comparison  of  the  tables  at  page  352  and  page  357. 

4.  That  in  magnets  of  moderate  powers, 
though  fully  magnetized,  if  kept  clear  of  dete¬ 
riorating  influences  and  placed  in  the  direction 
that  would  be  assumed  by  the  suspended  com¬ 
pass  needle,  the  power  is  very  enduring ;  and 
but  little,  if  at  all,  less  so,  in  soft  than  in  hard 
magnets. 
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In  the  first  series  of  experiments  described  in  sect.  2, 
consisting  chiefly  of  plates  adapted,  as  to  weight,  for 
compass  needles,  the  loss  of  power  when  laid  in  the 
magnetic  meridian  was  scarcely  2  per  cent,  in  the  first 
two  months,  which  loss  was  not  perceptibly  increased 
during  the  subsequent  period  of  a  year. 

Again,  in  the  second  series  of  experiments  of  sect.  2,  the 
same  result  is  partly  verified.  And  in  a  subsequent 
experiment,  not  included  in  the  tables,  no  loss  of  power 
could  be  at  all  discerned  in  a  period  of  seven  months, 
even  after  the  bars  had  been  re-magnetized  to  their 
highest  capabilities;  nor  was  any  perceptible  difference 
observed,  in  this  case,  betwixt  the  sustaining  power  of 
the  soft  and  that  of  the  hard  bars. 

Hardness,  therefore,  becomes  most  essentially  important 
for  resisting  the  effects  of  unfavourable  magnetic  action , 
whether  arising  from  the  earth’s  magnetism  operating 
against  that  of  the  magnet,  or  from  unfavourable  con¬ 
tact  with,  or  proximity  to,  any  other  magnet.  In 
another  respect,  also,  as  has  been  Repeatedly  shewn, 
hardness  is  of  essential  moment;  that  is,  for  enabling 
large  magnets  to  sustain  the  violence  belonging  to  the 
condition  of  powerful  combinations,  or  massive  bars. 

In  the  experiments  with  the  two  energetic  compound  bars, 
of  different  degrees  of  hardness,  described  at  page  354, 
the  harder  bar  exhibited  an  advantage  over  the  other  in 
its  relative  tenaciousness ;  but  in  this  case  the  magnets 
were  very  powerful  ones,  and  the  position  in  which 
they  were  laid  by  (east  and  west),  had  not  the  advan¬ 
tage  of  terrestrial  magnetism  for  assisting  in  retaining 
the  power. 

5.  That  when  the  maximum  power  of  a 
magnet  is  slightly  reduced  by  unfavourable 
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proximity  to  another  magnet,  the  resulting 
energy  is  still  less  influenced  by  time. 

This  is  a  result  which  had  been  fully  anticipated,  and  is 
well  illustrated  by  the  experiments  exhibited  in  the  table 
at  page  357.  For  here  we  find  (excluding  the  first  bar 
in  the  table  as  an  anomalous  case,  and  apparently 
defective  in  accuracy)  that  whilst  the  unreduced  bars 
lost,  on  an  average,  3*2  per  cent,  in  seventeen  months, 
the  bars  that  had  been  slightly  reduced  lost  but  1*1 
per  cent,  of  their  power  ;  and  that  these  reduced  ones, 
in  the  last  twelve  months,  sustained  scarcely  any  sensible 
loss. 


END  OF  PART  II. 
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Addison’s  Flistory  of  the  Temple 

Church  -  -  -  3 

“  Guide  to  ditto  -  -  ib. 

Black’s  Tourist  of  England  -  -  4 

Britton’s  Picture  of  London  -  -  5 

Guide  to  all  the  Watering  Places  in 
Great  Britain  -  -  -  -  10 

TRANSACTIONS  OF 
SOCIETIES. 

Transactions  of  the  Entomological 

Society  -  -  30 

“  Zoological  Society  ib. 

“  Linnaean  Society  -  ib. 

“  Institution  of  Civil 

Engineers  -  ib. 
“  Royal  Institute  of 

British  Architects  ib. 

Proceedings  of  the  Zoological  Society  24 

TRAVELS. 

Allan’s  Mediterranean  -  -  -  3 

China,  Last  Year  in,  -  -  6 

De  Custine’s  Russia  -  -  -  7 

Laing’s  Notes  of  a  Traveller  -  -  15 

“  Residence  in  Norway  -  ib. 
“  Tour  in  Sweden  -  -  ib. 

Postans’s  Personal  Observations  on 
Sindh  ------  24 

Strong’s  Greece  as  a  Kingdom  -  28 

VETERINARY  MEDICINE 
AND  AFFAIRS. 

Field’s  Veterinary  Records  -  -  9 

Morton’s  Veterinary  Medicine  -  22 

“  “  Toxicological  Chart  21 

Percivall’s  Hippopathology  -  -  23 

“  Anatomy  of  the  Horse  -  ib. 
Spooner  On  the  Foot  and  Leg  of 

the  Horse  -  -  -  28 

“  On  the  Influenzaof  Horses  ib. 
Thomson’s  Animal  Chemistry  -  29 
Turner  On  the  Foot  of  the  Horse  -  31 
White’s  Veterinary  Art  -  -  -  32 

“  Cattle  Medicine  -  -  ib. 


CATALOGUE, 

fyc.  fyc. 


ADAM.-THE  GEM  OF  THE  PEAK; 

Or,  Matlock  Bath  and  its  Vicinity:  an  Account  of  Derby;  n  Tour  from  Derby  to  Matlock ; 
Excursion  to  Chatsworth,  Haddon,  Monsal  Dale,  &c.  &c. ;  a  Review  of  the  Geology  of  Derby¬ 
shire,  and  the  Flora  of  the  High  and  Low  Peak.  By  W.  Adam.  3d  Edition,  12mo.  with 
Maps  and  Engravings,  6s.  cloth. 

ADDISON— THE  KNIGHTS  TEMPLARS. 

By  C.  G.  Addison,  of  the  Inner  Temple.  2d  Edition,  enlarged,  1  vol.  square  crown  Svo.  with 
Illustrations,  18s.  cloth. 

!  ADDISON.— THE  TEMPLE  CHURCH  IN  LONDON : 

Its  History  and  Antiquities.  By  C.  G.  Addison,  Esq.,  of  the  Inner  Temple;  Author  of 
“The  History  of  the  Knights  Templars.”  Square  crown  8vo.  with  Six  Plates,  5s.  cloth. 

i  ADDISON.-A  FULL  AND  COMPLETE  GUIDE,  HISTORICAL  !| 

AND  DESCRIPTIVE,  TO  THE  TEMPLE  CHURCH.  (From  Mr.  Addison’s  “  History  of 
the  Temple  Church.”)  Square  crown  Svo.  Is.  sewed. 

AIKIN.— THE  LIFE  OF  JOSEPH  ADDISON. 

Illustrated  by  many  of  his  Letters  and  Private  Papers  never  before  published.  By  Lucy 
Aikin.  2  vols.  post  Svo.  with  Portrait  from  Sir  Godfrey  Kneller’s  Picture.  18s.  cloth. 

“  Miss  Aikin  has  not  left  a  stone  unturned,  that  her  monument  to  one  of  our  most  polished  writers  and  complete 
minds  may  be  fair,  upright,  and  symmetrical.  Her  book  contains  the  first  complete  life  of  Addison  ever  put  forth. 

As  a  literary  biography  it  is  a  model ;  and  its  pages  are  besides  enriched  by  many  hitherto  unpublished  letters  of 
Addison.” — Athenaeum. 

ALLAN.-A  PICTORIAL  TOUR  IN  THE  MEDITERRANEAN ; 

comprising  Malta,  Dalmatia, Turkey,  Asia  Minor,  Grecian  Archipelago,  Egypt,  Nubia,  Greece, 
Ionian  Islands,  Sicily,  Italy,  and  Spain.  By  J.  H.  Allan,  Member  of  the  Athenian  Arclueo-  ' 
logical  Society,  and  of  the  Egyptian  Society  of  Cairo.  Imp.  4to.  containing  upwards  of  40 
Lithographed  Drawings,  and  70  Wood  Engravings,  £'i.  3s.  cloth. — Nearly  ready. 

BAILLIE’S  (JOANNA)  NEW  DRAMAS. 

3  vols.  8vo.  £\.  16s.  boards. 

MILLIE’S  (JOANNA)  PLAYS  ON  THE  PASSIONS. 

3  vols.  8vo.  £1.  11s.  6d.  boards. 

BAINBRIDGE.— THE  FLY-FISHER’S  GUIDE,  j 

Illustrated  by  Coloured  Plates,  representing  upwards  of  40  of  the  most  useful  Flies,  accurately 
copied  from  Nature.  By  G.  C.  Bainbridge.  4th  Edition,  8vo.  10s.  6d.  cloth. 

BAKEWELL.-AN  INTRODUCTION  TO  GEOLOGY. 

Intended  to  convey  Practical  Knowledge  of  the  Science,  and  comprising  the  most  important 
recent  discoveries;  with  explanations  of  the  facts  and  phenomena  which  serve  to  confirm  or  ; 
invalidate  various  Geological  Theories.  By  Robert  Bakhwell.  Fifth  Edition,  considerably 
enlarged,  Svo.  with  numerous  Plates  and  Woodcuts,  21s.  cloth. 

BAYLDON.— ART  OF  VALUING  RENTS  AND  TILLAGES,  I 

And  the  Tenant’s  Right  of  Entering  and  Quitting  Farms,  explained  by  several  Specimens  of 
Valuations;  and  Remarks  on  the  Cultivation  pursued  on  Soils  in  different  Situations. 
Adapted  to  the  Use  of  Landlords,  Land-Agents,  Appraisers,  Farmers,  and  Tenants.  5th 
Fklition,  re-written  and  enlarged,  by  John  Donaldson.  With  a  Chapter  on  the  Tithe-Com¬ 
mutation  Rent-Charge,  by  a  Gentleman  of  much  experience  on  the  Tithe  Commission.  8vo. 

10s.  6d.  cloth. 
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CATALOGUE  OF  NEW  WORKS 


BAYLDON -TREATISE  ON  THE  VALUATION  OE  PROPERTY 

FOR  THE  POOR’S  RATE;  shewing1  the  Method  of  Rating  Lands,  Buildings,  Tithes,  Mines, 
Woods,  Navigable  Rivers  and  Canals,  and  Personal  Property  :  with  an  Abstract  of  the  Poor 
Laws  relating  to  Rates  and  Appeals.  By  J.  S.  Bayldon,  Author  of  “Rents  and  Tillages.” 

1  vol.  8vo.  7s.  6d.  boards. 

BEDFORD  CORRESPONDENCE.  -  CORRESPONDENCE  OF 

JOHN,  FOURTH  DUKE  OF  BEDFORD,  selected  from  the  Originals  at  Woburn  Abbey : 
with  Introductions  by  Lord  John  Russell. 

8 vo.  Vols.  1  (1742-48),  18s.  cloth ;  Vol.  2  (1740-60),  15s.  cloth. 

“  The  second  volume  of  this  publication  includes  a  correspondence  having  relation  to  the  period  from  the  Peace  of 
Aix-la-Chapelle  to  the  death  of  George  II.  Its  most  remarkable  portion  bears  upon  an  important  question  on  which 
there  exist  some  differences  of  opinion  at  the  present  time,  viz.  the  intrigues  which  led  to  the  junction  of  the  Duke  of 
Newcastle  and  Pitt,  in  1757.  The  letters  respecting  the  state  of  Iieland  under  the  Viceroyalty  of  the  Duke  of  Bedford, 
also  here,  are  not  a  little  interesting.”. — Morning  Herald. 

***  Vol.  3,  to  complete  the  work,  is  in  preparation. 

BELL-LIVES  OE  THE  MOST  EMINENT  ENGLISH  POETS. 

By  Robert  Bell,  Esq.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

BELL.-THE  HISTORY  OF  RUSSIA, 

From  the  Earliest  Period  to  the  Treaty  of  Tilsit.  By  Robert  Bell,  Esq.  3  vols.  fcp.  8vo. 
with  Vignette  Titles,  18s.  cloth. 

BELLAMY.— THE  HOLY  BIBLE, 

Newly  Translated  from  the  Original  Hebrew  only.  By  J.  Bellamy.  4to.  Parts  1  to  8. 

BIOGRAPHICAL  DICTIONARY 

Of  the  Society  for  the  Diffusion  of  Useful  Knowledge.  To  be  continued  Quarterly,  in  Flalf- 
volumes.  Vol.  1,  Part  1— Aa  to  Agathoclea,  8vo.  12s.  cloth. 

,,  „  2,  completing  Vol.  1— Agathocles  to  Alexander  III.  of  Scotland, 

8vo.  12s.  cloth. 

Vol.  2,  Part  1  — Alexander  of  Seleucia  to  Ameilhon,  8vo.  12s.  cloth. 

„  „  2,  completing  Vol.  2— Ameinocles  to  Antelmi  (Leonce),  8vo.  12s. 

cloth. 

Vol.  3,  Part  1— 

***  To  he  continued  Quarterly.— The  work  will  probably  not  exceed  Thirty  Volumes. 

“This  work  proceeds  in  a  satisfactory  manner.  The  number  of  new  names  is  very  considerable;  and  in  the 
articles  which  we  have  read,  and  of  which  we  have  been  able  to  form  an  opinion,  we  have  sometimes  gained  new 
information,  and  at  others  have  seen  the  errors  of  former  authorities  satisfactorily  corrected.” — British  Magazine. 

BISCHOFF.— PHYSICAL,  CHEMICAL,  AND  GEOLOGICAL 

RESEARCHES  on  the  Internal  Heat  of  the  Globe.  By  Gustav  Bischoff,  Pli.D.  Professor 
of  Chemistry  in  the  University  of  Bonn.  2  vols.  Vol.  1,  8vo.  Plates  and  Woodcuts,  10s.  bds. 

BLACK’S  PICTURESQUE  TOURIST, 

And  Road-Book  of  England  and  Wales :  with  a  general  Travelling  Map,  Charts  of  Roads, 
Railroads,  and  interesting  Localities,  and  engraved  Views  of  the  Scenery.  Fcp.  8vo.  10s.  6d.  cl. 

BLAINE.— AN  ENCYCLOPAEDIA  OF  RURAL  SPORTS ; 

Or,  a  complete  Account,  Historical,  Practical,  and  Descriptive,  of  Hunting,  Shooting,  Fishing, 
Racing,  and  other  Field  Sports  and  Athletic  Amusements  of  the  present  day.  By  Delabere 
P.  Blaine,  Esq.  Author  of  “Outlines  of  the  Veterinary  Art,”  “  Canine  Pathology,”  &c.  S:c. 
Illustrated  by  nearly  600  Engravings  on  Wood,  by  R.  Branston,  from  Drawings  by  Aiken, 
T.  Landseer,  Dickes,  &c.  1  thick  vol.  8vo.  pp.  1256,  £2. 10s.  bound  infancy  cloth. 

BLAIR’S  CHRONOLOGICAL  TABLES, 

From  the  Creation  to  the  present  time.  A  new  edition,  carefully  corrected,  enlarged,  and 
brought  down  to  the  present  time ;  and  prinied  in  a  convenient  form.  Under  the  revision  of 
Sir  Henry  Ellis,  K.H.  Principal  Librarian  of  the  British  Museum.  1  vol.  royal  8vo. 

In  the  Press. 

BLOOMFIELD.— HISTORY  0E  THE  PELOPONNESIAN  WAR. 

By  Th  ucydi  des.  Newly  translated  into  English,  and  accompanied  with  very  copious  notes, 
Philological  and  Explanatory,  Historical  and  Geographical.  By  the  Rev.  S.  T.  Bloomfield, 
D.D.  F.S.A.  3  vols.  8vo.  with  Maps  and  Plates,  £2.  5s.  boards. 
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BLOOMFIELD. —THE  GREEK  TESTAMENT: 

With  copious  English  Notes,  Critical,  Philological,  and  Explanatory.  By  the  Rev.  S,  T. 
Bloomfield,  D.D.  F.S.A.  3d  Edit,  improved,  2  vols.  8vo.  with  a  Map  of  Palestine,  40s.  cloth. 

BLOOMFIELD. -COLLEGE  &  SCHOOL  GREEK  TESTAMENT ; 

With  English  Notes.  By  the  Rev.  S.  T.  Bloomfield,  D.D.  3d  Edition,  greatly  enlarged, 
and  very  considerably  improved,  12mo.  10s.  6d.  cloth. 

BLOOMFIELD.— GREEK  AND  ENGLISH  LEXICON  TO  THE 

NEW  TESTAMENT:  especially  adapted  to  the  use  of  Colleges,  and  the  Higher  Classes  in 
Public  Schools ;  but  also  intended  as  a  convenient  Manual  for  Biblical  Students  in  general. 
By  Dr.  Bloomfield.  Ecp.  8vo.  9s.  cloth. 

BOSWORTTI.  -  A  DICTIONARY  OF  THE  ANGLO-SAXON 

LANGUAGE:  containing  the  Accentuation,  the  Grammatical  Inflexions,  the  Irregular 
Words  referred  to  their  Themes,  the  Parallel  Tern  s  from  other  Gothic  Languages,  the 
Meaning  of  the  Anglo-Saxon  in  English  and  Latin,  and  copious  English  and  Latin  Indexes, 
serving  as  a  Dictionary  of  English  and  Anglo-Saxon,  as  well  as  of  Latin  and  Anglo-Saxon. 
AVith  a  Preface,  on  the  Origin  and  Connection  of  the  German  Tongues,  a  Map  of  Languages, 
and  the  Essentials  of  Anglo-Saxon  Grammar.  By  the  Rev.  J.  Bosworth,  LL.D.  Dr.  Phil, 
of  Leyden,  &c.  Royal  8vo.  pp.  706,  d.2.  2s.  boards.  Cambridge,  1838. 

BOY’S  OWN  BOOK  (THE) : 

A  Complete  Encyclopaedia  of  all  the  Diversions,  Athletic,  Scientific,  and  Recreative,  of  Boy¬ 
hood  and  Youth.  19th  Edition,  square  12mo.  with  many  Engravings  on  Wood,  8s.  Gd.  boards. 


BRANDS.— A  DICTIONARY  OF  SCIENCE,  LITERATURE, 

AND  ART;  comprising  the  History,  Description,  and  Scientific  Principles  of  every  Branch 
of  Human  Knowledge;  with  the  Derivation  and  Definition  of  all  the  Terms  in  General  Use. 
Edited  by  W.  T.  Bkande,  F.Il.S.L.  &  E. ;  assisted  by  Joseph  Calvin,  Esq.  The  various 
departments  are  by  Gentlemen  of  eminence  in  each.  1  very  thick  vol.  8vo.  pp.  1352,  illustrated 
by  Wood  Engravings,  ^63,  bound  in  cloth.  London,  1842. 

BRAY.— THE  PHILOSOPHY  OF  NECESSITY; 

Or,  the  Law  of  Consequences  as  applicable  to  Mental,  Moral,  and  Social  Science.  By  Charles 
Bray.  2  vols.  8vo.  15s.  cloth. 

BREWSTER.- TREATISE  ON  OPTICS. 

By  Sir  David  Brewster,  LL.D.  F.R.S.,  &c.  New  Edition.  J  vol.  fcp.  8vo.  Vignette  Title, 
and  176  Woodcuts,  6s.  cloth. 

BRITTON.— THE  ORIGINAL  PICTURE  OF  LONDON : 

With  a  Description  of  its  Environs.  Re-edited,  and  mostly  re-written,  by  J.  Britton, 
F.S.A.  &c.  28th  Edition,  with  upwards  of  100  Views  of  Public  Buildings,  Plan  of  the  Streets, 
and  Two  Maps,  18mo.  9s.  neatly  bound;  with  the  Maps  only,  6s.  bound. 

BULL-HINTS  TO  MOTHERS, 

For  the  Management  of  Health  during  the  Period  of  Pregnancy  and  in  the  Lying-in  Room; 
with  an  Exposure  of  Popular  Errors  in  connection  with  those  subjects.  By  Thomas  Bull, 
M.D.  Physician  Accoucheur  to  the  Finsbury  Midwifery  Institution,  &c.  &c.  3d  Edition. 
1  vol.  fcp.  8vo.  enlarged,  pp.  336,  7s.  cloth.  London,  1841. 

BULL.— THE  MATERNAL  MANAGEMENT  OF  CHILDREN, 

in  HEALTH  and  DISEASE.  By  T.  Bull,  M.D.  Fcp.  8vo.  7s.  cloth. 

“  Excellent  guides,  and  deserve  to  be  generally  known.” — Johnson’s  Medico-Chirurgical  Review. 

BURDER.— ORIENTAL  CUSTOMS, 

Applied  to  the  Illustration  of  the  Sacred  Scriptures.  By  Samuel  Burder,  A.M.  3d  Edit, 
with  additions,  fcp.  8vo.  8s.  Gd.  cloth. 

Houses  and  Tents— Marriage— Children— Servants— Food  and  Drink— Dress  and  Clothing- 
Presents  and  Visiting— Amusements— Books  and  Letters— Hospitality— Travelling— Respect 
and  Honour— Agriculture— Cattle  and  Beasts- Birds,  Insects,  and  Reptiles— Fruit  and  Wine 
—Kings  and  Government— War— Punishments— Religion— Time  and  Seasons— Medicine- 
Funerals,  &c. 


-War— Punishments- 


-Religion— Time  and  Seasons- 


6  CATALOGUE  OF  NEW  WORKS 


BURNS.-THE  PRINCIPLES  OF  CHRISTIAN  PHILOSOPHY; 

containing-  the  Doctrines,  Duties,  Admonitions,  and  Consolations  of  the  Christian  Religion. 

By  John  Burns,  M.D,  F.R.S.  5th  Edition,  12mo.  7s.  boards. 

Man  is  created  for  a  Future  State  of  Happiness ;  on  the  Means  by  which  a  Future  State  of 
Happiness  is  procured;  of  what  is  required  of  Man  that  he  may  obtain  a  Future  State  of 
Happiness ;  of  the  Nature  of  the  Future  State  of  Happiness ;  of  the  Preparation  for  the  Future 
State  of  Happiness  ;  of  Personal  Duties  ;  of  Relative  Duties  ;  of  the  Duties  Men  owe  to  God  ; 
of  the  Admonitions  and  Consolations  afforded  by  the  Christian  Religion. 

BUTLER-SKETCH  OF  ANCIENT  &  MODERN  GEOGRAPHY. 

By  Samuel  Butler,  D.D.  late  Lord  Bishop  of  Lichfield  and  Coventry;  and  formerly  Head 
Master  of  Shrewsbury  School.  New  Edition,  revised  by  his  Son,  8vo.  9s.  boards. 

The  present  edition  has  been  carefully  revised  by  the  author’s  son,  and  such  alterations  introduced  as  continually 
progressive  discoveries  and  the  latest  information  rendered  necessary.  Recent  Travels  have  been  constantly  con¬ 
sulted  where  any  doubt  or  difficulty  seemed  to  require  it ;  and  some  additional  matter  has  been  added,  both  m  tire 
ancient  and  modern  part. 

BUTLER.— ATLAS  OF  MODERN  GEOGRAPHY. 

By  the  late  Dr.  Butler.  New  Edition  ;  consisting  of  Twenty-three  coloured  Maps,  from  a 
New  Set  of  Plates.  8vo.  with  Index,  12s.  half-bound. 

BUTLER.— ATLAS  OF  ANCIENT  GEOGRAPHY ; 

Consisting  of  Twenty-three  coloured  Maps.  With  Index.  By  the  late  Dr.  Butler.  New 
Edition.  8vo.  12s.  half-bound. 

***  The  above  two  Atlases  may  be  had,  half-bound,  in  One  Volume,  in  4to.  price  24s. 

CALLCOTT.-A  SCRIPTURE  HERBAL. 

With  upwards  of  120  Wood  Engravings.  By  Lady  Callcott.  Square  crown  8vo.  pp.  568, 
£\.  5s.  cloth. 

“  The  last  two  years  of  her  life  were  devoted  to  drawing  the  specimens  of  the  plants,  and  collecting  the  best  works 
on  botany,  so  as  to  furnish  materials  for  her  last  book — ‘  The  Scripture  Herbal’ — the  design  and  character  of  which  is 
as  creditable  to  her  philanthropy  as  its  origin  is  honourable  to  the  extent  of  her  Biblical  studies.  The  easy  grace¬ 
fulness  of  its  style,  and  its  elegant  embellishments ,  may  lead  many  an  inhabitant  of  the  drawing-room  or  boudoir  to 
‘  look  from  Nature  up  to  Nature’s  God,’  to  study  his  ‘  unwritten  laws’  in  the  natural  world,  in  connection  with  tire 
written  law  of  revelation.” — From  a  Memoir  of  Lady  Callcott,  in  the  Annual  Biography  for  1842. 

!  CATLOW.— POPULAR  CONCLIOLOGY ; 

Or,  the  Shell  Cabinet  arranged:  being  an  Introduction  to  the  Modern  System  of  Conchology: 
with  a  sketch  of  the  Natural  History  of  the  Animals,  an  account  of  the  Formation  of  the  Shells, 
and  a  complete  Descriptive  List  of  the  Families  and  Genera,  By  Agnes  Catlow.  Fcp.  8vo. 
i  with  312  Woodcuts,  10s.  6d.  cloth. 

CAVENDISH’S  (SIR  HENRY)  DEBATES  OF  THE  HOUSE  OF 

COMMONS,  during  the  Thirteenth  Parliament  of  Great  Britain,  commonly  called  the 
Unreported  Parliament.  To  which  are  appended,  Illustrations  of  the  Parliamentary  History 
of  the  Reign  of  George  III.,  consisting  of  Unpublished  Letters,  Private  Journals,  Memoirs, 

&c.  Drawn  up  from  the  Original  MSS.,  by  J.  Wright,  Esq.,  Editor  of  the  Parliamentary 
History  of  England.  In  4  vols.  royal  8vo.  Vol.  1  is  now  ready,  25s.  cloth.  This  work  is 
also  published  in  Parts,  6s.  each,  of  which  six  are  now  published. 

These  Reports  (1768 — 1774)  constitute  a  valuable  addition  to  Hansard’s  Debates,  and  contain  much  curious  | 
matter— inter  alia,  upwards  of  one  hundred  new  speeches  of  Burke  ;  they,  in  fact,  go  far  to  fill  up  a  hitherto  hopeless  I 
gap  in  our  Parliamentary  history — and  the  publication,  with  its  important  appendices,  does  great  honour  to  the 
skill  and  industry  of  the  discoverer  and  editor.” — Quarterly  Review,  No.  140,  Sept.  1842— note,  page  290. 

CHALEN OR.— POETICAL  REMAINS  OF  MARY  CHALENOR. 

Fcp.  8vo.  4s.  cloth. 

CHALENOR.— WALTER  GRAY, 

A  Ballad,  and  other  Poems ;  including  the  Poetical  Remains  of  Mary  Chalenor.  2d  Edition, 
with  Additions,  fcp.  8vo.  6s.  cloth. 

“  The  poems  are  sweetly  natural ;  and,  though  on  topics  often  sung,  breathe  a  tenderness  and  melancholy  which 
are  at  once  soothing  and  consolatory.” — Literary  Gazette. 

CHINA.— THE  LAST  YEAR  IN  CHINA, 

To  the  Peace  of  Nanking:  as  sketched  in  Letters  to  his  Friends,  by  a  Field  Officer  actively 
employed  in  that  Country.  With  a  few  concluding  Remarks  on  our  Past  and  Future  Policy 
in  China.  2d  edition,  revised.  Fcp.  8vo.  with  Map,  7s.  cloth. 

CHINESE  NOVEL-RAMBLES  OF  THE  EMPEROR  CUING 

Till  in  Keang  Nan  :  a  Chinese  Tale.  Translated  by  Tkin  Shen  ;  with  a  Preface  by  James 
Legge,  D.D.  2  vols.  post  8vo.  21s.  cloth. 

“  These  rambles  of  the  Haroun  Alraschid  of  the  Celestial  Empire  give  a  very  curious,  and,  at  the  present  moment, 
a  peculiarly  interesting  view  of  Chinese  opinions,  usages,  and  institutions.” — Tait’s  Magazine. 

CLAYERS.-FOREST  LIFE.  ! 

By  Mary  Clavers,  an  Actual  Settler ;  Author  of  “  A  New  Home,  Who  ’ll  Follow?”  2  vols.  ) 
fcp.  8vo.  pp.  642,  12s.  cloth. 
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COLTON.-LACON ;  OR,  MANY  THINGS  IN  FEW  WORDS. 

By  the  Rev.  C.  C.  Colton.  New  Edition.  8vo.  12s.  cloth. 

CONVERSATIONS  ON  BOTANY. 

9th  Edition,  improved,  pp.  302,  fcp.  8vo.  with  22  Plates,  7s.  Gd.  cloth  ;  with  the  plates  coloured, 
12s.  cloth. 

The  object  of  this  work  is  to  enable  children  and  young  persons  to  acquire  a  knowledge  of  the  vegetable  produc¬ 
tions  of  their  native  country,  by  introducing  to  them,  in  a  familiar  manner,  the  principles  of  the  Liiintean  System  of 
Botany.  For  this  purpose,  the  arrangement  of  Linnaeus  i9  briefly  explained  ;  a  native  plant  of  each  class’ with  a 
few  exceptions,  is  examined,  and  illustrated  by  an  engraving;  a  short  account  is  added  of  some  of  the  principal 
foreign  species. 

CONVERSATIONS  ON  MINERALOGY. 

With  Plates,  engraved  by  Mr.  and  Mrs.  Lowry,  from  Original  Drawings.  3d  Edition,  en¬ 
larged.  2vols.  12mo.  14s.  cloth. 

COOLEY.— THE  HISTORY  OF  MARITIME  AND  INLAND 

DISCOVERY.  By  W.  D.  Cooley,  Esq.  3  vols.  fcp.  8vo.  with  Vignette  Titles,  18s.  cloth. 

COPLAND.-A  DICTIONARY  OF  PRACTICAL  MEDICINE ; 

comprising  General  Pathology,  the  Nature  and  Treatment  of  Diseases,  Morbid  Structures, 
and  the  Disorders  especially  incidental  to  Climates,  to  Sex,  and  to  the  different  Epochs  of 
Life,  with  numerous  approved  Formulae  of  the  Medicines  recommended.  By  James  Copland, 
M.D.,  Consulting  Physician  to  Queen  Charlotte’s  Lying-in  Hospital ;  Senior  Physician  to  the 
Royal  Infirmary  for  Children  ;  Member  of  the  Royal  College  of  Physicians,  London;  of  the 
Medical  and  Chirurgical  Societies  of  London  and  Berlin,  &c.  Publishing  in  parts,  of  which  8 
have  appeared. 

CROCKER.— ELEMENTS  OF  LAND  SURVEYING. 

Fifth  Edition,  corrected  throughout,  and  considerably  improved  and  modernized,  by  T.  G. 
Bunt,  Land  Surveyor,  Bristol.  To  which  are  added,  TABLES  OF  SIX-FIGURE  LOGA¬ 
RITHMS,  &c.,  superintended  by  Richard  Farley,  of  the  Nautical  Almanac  Establishment. 

1  vol.  post  8vo.  12s.  cloth. 

*,*  The  work  throughout  is  entirely  revised,  and  much  new  matter  has  been  added  ;  there  are  new  chapters,  con¬ 
taining  very  full  and  minute  Directions  relating  to  the  modern  1  rat  tice  of  Surveying,  both  with  and  without  the  aid 
of  angular  instruments.  The  method  of  Plotting  Estates,  and  Casting  or  Computing  their  Areas,  are  described,  &c. 
&'c.  The  chapter  on  Levelling  also  is  new. 

CROWE.— THE  HISTORY  OF  FRANCE, 

From  the  Earliest  Period  to  the  Abdication  of  Napoleon.  By  E.  E.  Crowe,  Esq.  3  vols.  fcp. 
8vo.  with  Vignette  Titles,  18s.  cloth. 

DAVY  (SIR  HUMPHRY). -AGRICULTURAL  CHEMISTRY: 

With  Notes  by  Dr.  John  Davy.  6th  Edition,  8vo.  with  10  Plates,  15s.  cloth. 

Contents:  —  Introduction  —  The  General  Powers  of  Matter  which  influence  Vegetation  —  The  Organization  of 
Plants — Soils — Nature  and  Constitution  of  tire  Atmosphere,  and  its  influence  on  Vegetables — Manures  of  Vegetable 
and  Animal  Origin  -  Manures  of  Mineral  Origin,  or  Fossil  Manures — Improvement  of  Lands  by  Burning— Experi¬ 
ments  on  the  Nutritive  dualities  of  different  Grasses,  &c. 

DE  CUSTINE.— THE  EMPIRE  OF  TIIE  CZAR; 

( )r,  Observations  on  the  Social,  Political,  and  Religious  State  of  Russia,  and  its  Prospects,  made 
during  a  Journey  through  that  Empire.  By  the  Maruuis  De  Custine.  Translated  from  the 
French.  3  vols.  post  8vo.  31s.  6d.  cloth. 

“  M.  De  Custine  has  exhibited  some  new  views  on  Russia  in  a  striking  and  attractive  way.  To  the  Frenchman’s 
sparkling  vivacity  of  manner  he  adds  his  skill  in  seizing  upon  the  incidents  of  action,  the  features  of  character, 
or  the  points  of  things,  and  presenting  them  with  an  attractive  or  imposing  effect.  The  aristocratieal  opinions  of 
M.  De  Custine  also  impart  a  character  to  his  sentiments  ;  as  his  politeness  relines  his  taste  and  gives  uu  air  of  de¬ 
corum  to  his  morals,  without  modifying  his  French  confidence.” — Spectator. 

“  A  remarkable  book,  full  of  lively,  curious,  extractable  matter.  The  Marquis  is  a  clever,  spirited  writer :  and  his 
point  and  brilliancy  are  kept,  his  happy  hits  given,  und  his  vehement  indignation  in  no  way  compromised,  in  this 
excellent  translation.” — Examiner. 

DE  LA  BECHE.— REPORT  ON  THE  GEOLOGY  OF  CORN- 

WALL,  DEVON,  and  WEST  SOMERSET.  By  Henry  T.  De  la  Beche,  F.R.S.  &c., 
Director  of  the  Ordnance  Geological  Survey.  Published  by  Order  of  the  Lords  Commissioners 
of  H.M.  Treasury.  8vo.  with  Maps,  Woodcuts,  and  12  large  Pates,  14s.  cloth. 

I)E  MORGAN.-AN  ESSAY  ON  PROBABILITIES, 

And  on  their  Application  to  Life  Contingencies  and  Insurance  Offices.  By  Aug.  de  Morgan, 
of  Trinity  College,  Cambridge.  1  vol.  fcp.  8vo.  with  Vignette  Title,  Gs.  cloth. 

DENDY.— THE  PHILOSOPHY  OF  MYSTERY. 

By  W.  C.  Dundy.  1  vol.Svo.  12s.  cloth. 
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DOCTOR  (THE),  &c. 

5vols.  post  8vo.  £2.  12s.  6d.  cloth. 

“  Admirably  as  the  mystery  of  the  ‘  TJoctor’  has  been  preserved  up  to  the  present  moment,  there  is  no  longer  any 
reason  for  affecting  secresy  on  the  subject.  The  author  is  Robert  Southey  :  he  acknowledged  the  fact  shortly  before 
his  last  illness  to  his  most  confidential  friend,  an  M.P.  of  high  character.  In  a  private  letter  from  Mrs.  Southey, 
dated  February  27,  1S43,  she  not  only  states  the  fact,  but  adds  that  the  greater  part  of  a  sixth  volume  had  gone 
through  the  press,  and  that  Southey  looked  forward  to  the  pleasure  of  drawing  her  into  it  as  a  contributor  ;  giving  her 
full  authority  to  affirm  that  her  husband  is  the  author.” — Robert  Bell,  Esq.  in  The  Story  Teller,  No.'l. 

DODDRIDGE.— THE  FAMILY  EXPOSITOR ; 

Or,  a  Paraphrase  and  Version  of  the  New  Testament :  with  Critical  Notes,  and  a  Practical 
Improvement  of  each  Section.  By  P.  Doddridge,  D.D.  To  which  is  prefixed,  a  Life  of  the 
Author,  by  A.  Kippis,  D.D.  F.R.S.  and  S.A.  New  Edition,  4  vols.  8vo.  £\.  16s.  cloth. 

DONOVAN.— TREATISE  ON  CHEMISTRY. 

By  Michael  Donovan,  M.R.I.A.  Fourth  Edition.  1  vol.  fcp.  8vo.  with  Vignette  Title, 
6s.  cloth. 

DONOVAN.-A  TREATISE  ON  DOMESTIC  ECONOMY. 

By  M.  Donovan,  Esq.  M.R.I.A.  Professor  of  Chemistry  to  the  Company  of  Apothecaries  in 
Ireland.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

DORA  MELDER : 

A  Story  of  Alsace.  By  Meta  Sander.  Translated  and  edited  by  the  Rev.  C.  B.  Tayler, 
Author  of  “  Records  of  a  Good  Man’s  Life,”  &c.  Fcp.  8vo.  pp.  286,  2  Illustrations,  7s.  cloth. 

“  Viewed  in  a  literary  point  of  view,  this  tale  is  admirably  told  ;  whilst  an  air  of  reality  gives  it  a  true  charm.” 

British  Magazine. 

DOVER-LIFE  OF  FREDERICK  II.  KING  OE  PRUSSIA. 

By  Lord  Dover.  2d  Edition,  2  vols.  8vo.  with  Portrait,  28s.  boards. 

DRUMMOND.-FIRST  STEPS  TO  BOTANY, 

Intended  as  popular  Illustrations  of  the  Science,  leading-  to  its  study  as  a  branch  of  general 
education.  By  J.  L.  Drummond,  M.D.  4th  Edit.  12mo.  with  numerous  Woodcuts,  9s.  bds. 

DUHRING.— THE  ART  OE  LIVING. 

By  Dr.  H.  Duhring.  Post  8vo.  5s.  cloth. 

“  Happy  is  life,  when  sound  health,  pure  feelings,  rational  thoughts,  and  noble  deeds,  combine  to  exalt  its  earthly 
course.  Then  man  almost  reveals  in  himself  the  image  of  his  Deity,  and  his  home  becomes  a  Paradise.” 

DUNHAM.-THE  HISTORY  OF  THE  GERMANIC  EMPIRE. 

By  Dr.  Dunham.  3  vols.  fcp.  8vo.  with  Vignette  Titles,  18s.  cloth. 

j  DUNHAM.— HISTORY  OF  EUROPE  DURING  THE  MIDDLE 

i  AGES.  By  Dr.  Dunham.  4  vols.  fcp.  8vo.  with  Vignette  Titles,  £1.  4s.  cloth. 

DUNHAM.-THE  HISTORY  OF  SPAIN  AND  PORTUGAL. 

By  Dr.  Dunham.  5  vols.  fcp.  8vo.  with  Vignette  Titles,  £1.  10s.  cloth. 

DUNHAM.-THE  HISTORY  OE  DENMARK,  SWEDEN,  AND 

NORWAY.  By  Dr.  Dunham.  3  vols.  fcp.  8vo.  with  Vignette  Titles,  18s.  cloth. 

DUNHAM.-THE  HISTORY  OF  POLAND. 

By  Dr.  Dunham.  1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth. 

DUNHAM.-THE  LIVES  OF  THE  EARLY  WRITERS  OF 

GREAT  BRITAIN.  By  Dr.  Dunham,  R.  Bell,  Esq.  &c.  1  vol.  fcp.  8vo.  with  Vignette 

Title,  6s.  cloth. 

DUNHAM,  &C-THE  LIVES  OE  BRITISH  DRAMATISTS. 

By  Dr.  Dunham,  R.  Bell,  Esq.  &c.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

ELLI0TS0N -HUMAN  PHYSIOLOGY : 

With  which  is  incorporated  much  of  the  elementary  part  of  the  “  Institutiones  Physiological’ 
of  J.  F.  Blumenbach,  Professor  in  the  University  of  Gottingen.  By  John  Elliotson,  M.D. 
Cantab.  F.R.S.  Fifth  Edition.  Complete  in  1  thick  vol.  8vo.  with  numerous  Woodcuts, 
pp.  1206,  £2.  2s.  cloth  ;  separately  in  three  Parts,  as  follows : — 

Part  1,  General  Physiology,  and  the  Organic  Functions.  5th  Edition,  10s.  6d. 

“  2,  The  Animal  Functions.  5th  Edition,  14s. 

“  3,  Human  Generation;  the  Growth,  Decay,  and  Varieties  of  Mankind:  with  an 

Appendix  on  Mesmerism,  17s. 


EAREY.-A  TREATISE  ON  THE  STEAM  ENGINE, 

Historical,  Practical,  and  Descriptive.  By  John  Farey,  Engineer.  4to.  Illustrated  by 
numerous  Woodcuts,  and  25  Copper-plates.  .£'5.  5s.  boards. 

FERGUS.— HISTORY  OF  THE  UNITED  STATES  OF  AMERICA, 

From  the  Discovery  of  America  to  the  Election  of  General  Jackson  to  the  Presidency.  By  the 
Rev.  H.  Fergus.  2  vols.  fcp.  Svo.  with  Vignette  Titles,  12s.  cloth. 

FIELD.  —  POSTHUMOUS  EXTRACTS  FROM  THE 

VETERINARY  RECORDS  OF  THE  LATE  JOHN  FIELD.  Edited  by  his  Brother, 
William  Field,  Veterinary  Surgeon,  London.  8vo.  8s.  bds. 

*  These  Records  consist  of  Selections  from  a  vast  number  of  Manuscript  papers  and  cases,  extending  over  a 
period  of  twenty  years,  and  treat  of  most  of  the  diseases  incidental  to  Horses. 

FORD.— THE  NEW  DEYOUT  COMMUNICANT, 

According  to  the  Church  of  England ;  containing  an  Account  of  the  Institution,  Prayers,  and 
Meditations,  before  and  after  the  Administration,  and  a  Companion  at  the  Lord’s  Table.  By 
the  Rev.  James  Ford,  B.D.  7th  Edition,  ISmo.  2s.  6d.  bound  in  cloth,  with  gilt  edges; 
fcp.  Svo.  3s.  6d.  bound. 

FORD— A  CENTURY  OF  CHRISTIAN  PRAYERS, 

On  FAITH,  HOPE,  and  CHARITY ;  with  a  Morning  and  Evening  Devotion.  By  the  Rev. 
James  Ford,  B.D.  3d  Edition,  18mo.  4s.  cloth. 

FORSTER— THE  STATESMEN  OF  THE  COMMONWEALTH 

OF  ENGLAND.  With  an  Introductory  Treatise  on  the  Popular  Progress  in  English  History. 
By  John  Forster,  Esq.  5  vols.  fcp.  8vo.  with  Original  Portraits  of  Pyra,  Eliot,  Hampden, 
Cromwell,  and  an  Historical  Scene  after  a  Picture  by  Cattermole,  £1.  10s.  cloth. 

The  Introductory  Treatise,  intended  as  an  Introduction  to  the  Study  of  the  Great  Civil  War  in 
the  Seventeenth  Century,  separately,  2s.  Gd.  sewed. 

The  above  5  vols.  form  Mr.  Forster's  portion  of  the  Lives  of  Eminent  British  Statesmen,  by  Sir 
James  Mackintosh,  the  Right  Hon.  T.  P.  Courtenay,  and  John  Forster,  Esq.  7  vols.  fcp.  Svo. 
with  Vignette  Titles,  £2.  2s.  cloth. 

FOSBROKE.— A  TREATISE  ON  THE  ARTS,  MANNERS, 

MANUFACTURES,  and  INSTITUTIONS  of  the  GREEKS  and  ROMANS.  By  the  Rev. 
T.  D.  Fosbroke,  &c.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

FRAN KUM.— DISCOURSE  ON  THE  ENLARGED  AND 

PENDULOUS  ABDOMEN,  showing  it  to  be  a  visceral  affection  attended  with  important 
consequences  in  the  Human  Economy ;  with  cursory  Observations  on  Diet,  Exercise,  and  the 
General  Management  of  Health  :  for  the  use  of  the  Dyspeptic.  By  Richard  Frankum,  Esq. 
Surgeon. 

The  Second  Edition,  augmented,  with  a  Dissertation  on  Gout,  suggestingnewphysiological  views 
as  to  its  Cause,  Prevention,  and  the  best  Course  of  Treatment.  Fcp.  Svo.  pp.  1 26,  5s.  cloth. 

GLEIG.— LIVES  OF  MOST  EMINENT  BRITISH  MILITARY 

COMMANDERS.  By  the  Rev.  G.  II.  Gleig.  3  vols.  fcp.  Svo.  with  Vignette  Titles,  18s.  cloth. 

GLENDINNING.— PRACTICAL  HINTS  ON  THE  CULTURE 

OF  THE  PINE  APPLE.  By  R.  Glendinning,  Gardener  to  the  Right  lion.  Lord  Rolle, 
Bicton.  12mo.  with  Plan  of  a  Pinery,  5s.  cloth. 

GOOD.— THE  BOOK  OF  NATURE. 

A  Popular  Illustration  of  the  General  Laws  and  Phenomena  of  Creation.  By  John  Mason 
Good,  M.D.  F.R.S.,  &c.  Third  Edition,  corrected,  3  vols.  fcp.  8vo.  24s.  cloth. 

GRAHAM.— ENGLISH ;  OR,  THE  ART  OF  COMPOSITION 

explained  in  a  Series  of  Instructions  and  Examples.  By  G.  F.  Graham.  Fcp.  Svo.  pp.  348, 
7s.  cloth. 

GRAHAM.— HELPS  TO  ENGLISH  GRAMMAR; 

Or,  Easy  Exercises  for  Young  Children.  By  G.  F.  Graham.  Illustrated  by  Engravings  on 
Wood.  Fcp.  8vo.  cloth,  3s. 

“  Mr.  Graham’s  ‘  Helps  to  English  Grammar’  will  be  found  a  good  elementary  book  ;  and  the  numerous  engravings 
which  it  contains  must  render  it  extremely  attractive  to  the  ‘  Young  Children’  tor  whose  use  these  ‘  Easy  Exercises’ 
are  designed.  The  arrow,  which  is  for  tlie  first  time  adopted  in  a  work  of  this  sort,  to  illustrate  the  connection,  by 
action  or  motion,  between  persons  and  things,  is  a  happy  idea.” — Brighton  Gazette. 


10  CATALOGUE  OF  NEW  WORKS 


;  GRATTAN.-THE  HISTORY  OE  THE  NETHERLANDS, 

From  the  Invasion  by  the  Romans  to  ,  i  e  Belgian  Revolution  in  1830.  By  T.  C.  Grattan,  j 
Esq.  1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth. 

GRAY— FIGURES  OF  MOLLUSCOUS  ANIMALS, 

Selected  from  various  Authors.  Etched  for  the  Use  of  Students.  By  Maria  Emma  Gray. 
Vol.  I.  pp.  40,  with  78  plates  of  Figures,  12s.  cloth. 

THE  GENERA  OF  BIRDS ; 

Comprising  their  Generic  Characters,  a  Notice  of  the  Habits  of  each  Genus,  and  an  extensive  | 
List  of  Species,  referred  to  their  several  Genera.  By  George  Robert  Gray,  Acad.  Imp. 
Georg.  Florent.  Soc.  Corresp.  Senior  Assistant  of  the  Zoological  Department,  British  Museum  ; 
and  Author  of  the  “  List  of  the  Genea  of  Birds,”  &c.  &c.  Illustrated  with  Three  Hundred 
and  Fifty  imperial  quarto  Plates,  by  David  William  Mitchell.— In  preparation. 

***  Publication  will  commence  when  One  Hundred  Subscribers’  Names  have  been  obtained.  ! 
Prospectuses  maybe  obtained  of  all  Booksellers  ;  a  Specimen  maybe  seen  at  the  Publishers. 

GREENER.— THE  GUN;  ! 

Or,  a  Treatise  on  the  various  Descriptions  of  Small  Fire  Arms.  By  W.  Greener,  Inventor  of 
an  improved  method  of  Firing  Cannon  by  Percussion,  &c.  8vo.  with  Illustrations,  15s.  boards. 

|  GREENER.— THE  SCIENCE  OF  GUNNERY, 

As  applied  to  the  Use  and  Construction  of  Fire  Arms.  By  William  Greener,  Author  of 
“The  Gun,”  &c.  With  numerous  Plates,  15s.  cloth.  | 

GRIGOR.— THE  EASTERN  ARBORETUM; 

Or,  Register  of  Remarkable  Trees,  Seats,  Gardens,  &c.  in  the  County  of  Norfolk.  With 
Popular  Delineations  of  the  British  Sylva.  By  James  Grigor.  Illustrated  by  50  Drawings 
of  Trees,  etched  on  copper  by  H.  Ninham.  8vo.  17s.  6d.  cloth. 

GUEST. -THE  MABINOGION, 

From  the  Llyfr  Coch  o  Hergest,  or  Red  Book  of  Hergest,  and  other  ancient  Welsh  MSS. : 
with  an  English  Translation  and  Notes.  By  Lady  Charlotte  Guest. 

Part  1.  Containing  the  Lady  of  the  Fountain.  Royal  8vo.  with  Fac-simile  and  Woodcuts,  8s. 

Part  2.  Containing  Peredur  Ab  Evrawc ;  a  Tale  of  Chivalry.  Royal  8vo.  with  Fac-simile  and 
Woodcuts,  8s. 

Part  3.  Containing  the  Arthurian  Romance  of  Geraint,  the  Son  of  Erbin.  Royal  8vo.  with  j 
Fac-simile  and  Woodcuts,  8s. 

Part  4.  Containing  the  Romance  of  Kilhwch  and  Olwen.  Royal  8vo.  with  4  Illustrations  and 
Fac-simile,  8s.  , 

Part  5.  Containing  the  Dream  of  Rhonabwy,  and  the  Tale  of  Pwyll  Prince  of  Dyved.  Royal 
8vo.  8s. 

!  GUIDE  TO  ALL  THE  WATERING  &  SEA-BATHING  PLACES 

of  Great  Britain  ;  containing  full  and  accurate  Descriptions  of  each  place,  and  of  the  Curio¬ 
sities  and  striking  Objects  in  the  Environs;  and  forming  an  agreeable  and  useful  Companion  I 
during  a  residence  at  any  of  the  places,  or  during  a  summer  tour  in  quest  of  health  or 
pleasure :  with  a  Description  of  the  Lakes,  and  a  Tour  through  Wales.  New  Edition, 
including  the  Scotch  Watering  Places,  1  thick  vol.  18mo.  illustrated  by  94  Views  and 
Maps,  15s.  bound. 

!  GWILT.-AN  ENCYCLOPAEDIA  OF  ARCHITECTURE ; 

Flistorical,  Theoretical,  and  Practical.  By  Joseph  Gwilt,  Esq.  F.S.A.  Illustrated  with 
upwards  of  1000  Engravings  on  Wood,  from  Designs  by  J.  S.  Gwilt.  In  1  thick  vol.  8vo. 
containing  nearly  1300  closely-printed  pages,  £2.  12s.  6d.  cloth. 

HALL. -NEW  GENERAL  LARGE  LIBRARY  ATLAS  OF 

FIFTY-THREE  MAPS,  on  Colombier  Paper;  with  the  Divisions  and  Boundaries  carefully 
coloured.  Constructed  entirely  from  New  Drawings,  and  engraved  by  Sidney  Hall.  New 
Edition,  thoroughly  revised  and  corrected  ;  including  all  the  Alterations  rendered  necessary 
by  the  recent  Official  Surveys,  the  New  Roads  on  the  Continent,  and  a  careful  Comparison 
with  the  authenticated  Discoveries  published  in  the  latest  Voyages  and  Travels.  Folded  in 
half,  Nine  Guineas,  half-bound  in  russia ;  full  size  of  the  Maps,  Ten  Pounds,  half-bound  in 
russia. 

The  following  Maps  have  been  re-engraved,  from  entirely  new  designs— Ireland,  South  Africa,  Turkey  in  Asia; 
the  following  have  been  materially  improved — Switzerland,  North  Italy,  South  Italy,  Egypt,  Central  Germany, 
Southern  Germany,  Greece,  Austria,  Spain  and  Portugal ;  a  new  map  of  China,  corrected  from  the  recent  government 
survey  of  the  coast  from  Canton  to  Nankin  (to  which  is  appended,  the  Province  of  Canton,  on  an  enlarged  scale,  in 
a  separate  compartment),  has  since  been  added. 


PRINTED  FOR  LONGMAN,  DROWN,  AND  CO. 


11 


HALSTED.— LIFE  AND  TIMES  OF  RICHARD  THE  THIRD, 

as  Duke  of  Gloucester  and  Kins:  of  England:  in  which  all  the  Charges  against  him  are  care¬ 
fully  investigated  and  compared  with  the  Statements  of  the  Cotemporary  Authorities.  By 
Caroline  A.  Halsted,  Author  of  “  The  Life  of  Margaret  Beaufort.”  2  vols.  with  an  original 
Portrait  never  before  published. — In  the  press. 


By  Fabius 


HAND-BOOK  OF  TASTE; 

Or,  How  to  Observe  Works  of  Art,  especially  Cartoons,  Pictures,  and  Statues. 

Pictor.  Fcp.  8vo.  3s.  boards. 

“  In  these  days,  when  every  man  is  taught  to  be  his  own  lawyer,  his  own  physician,  and  so  forth,  we  see  no  reason 
why  he  should  not  be  his  own  critic.  Here  is  a  little  volume  telling  him  what  he  should  think  of  works  of  art,  how  he 
should  think,  and  why  he  should  think.  The  author  gives  a  number  of  excellent  maxims  for  observing  pictures  and 
judging  of  them  in  all  their  detail  of  handling,  colouring,  grouping,  and  so  forth.  We  can  commend  the  work  as 
cleverly  written,  and  propounding  correct  views  on  art." — Cocht  Journal. 

IIANSAKD.— TROUT  AND  SALMON  FISHING  IN  WALES. 

By  G.  A.  Hansard.  12mo.  6s.  6d.  cloth. 

HARCOURT.-THE  DOCTRINE  OF  THE  DELUGE ; 

Vindicating  the  Scriptural  Account  from  the  Doubts  which  have  recently  been  cast  upon  it  by 
Geological  Speculations.  By  the  Rev.  L.  Vernon  Harcourt.  2  vols.  8vo.  36s.  cloth. 

HARFORD.— LIFE  OF  THOMAS  BURGESS,  I).D.  F.R.S.  &c. 

Late  Lord  Bishop  of  Salisbury.  By  John  S.  Harford,  Esq.  D.C.L.  F.L.S.  2d  Edition,  with 
additions,  fcp.  8vo.  with  Portrait,  8s.  6d.  cloth. 

HAWKER.— INSTRUCTIONS  TO  YOUNG  SPORTSMEN 

In  all  that  relates  to  Guns  and  Shooting.  By  Lieut.  Col.  P.  Hawker.  8th  Edition,  corrected, 
enlarged,  and  improved,  with  numerous  explanatory  Plates  and  Woodcuts,  8vo.  j£fl.  Is,  cloth. 

HENSLOW.— THE  PRINCIPLES  OF  DESCRIPTIVE  AND 

PHYSIOLOGICAL  BOTANY.  By  J.  S.  Hknslow,  M.A.  F.L.S.  &c.  1  vol.  fcp.  8vo.  with 
Vignette  Title,  and  nearly  70  Woodcuts,  6s.  cloth. 


HERSCHEL.-A  TREATISE  ON  ASTRONOMY. 

By  Sir  John  Herschel.  New  Edition.  1  vol.  fcp.  8vo.  Vignette  Title,  6s.  cloth. 

IIERSCHEL.-A  PRELIMINARY  DISCOURSE  ON  THE 

STUDY  OF  NATURAL  PHILOSOPHY.  By  Sir  John  Herschel.  New  Edition,  1  vol. 
fcp.  8vo.  with  vignette  title,  6s.  cloth. 

HINTS  ON  ETIQUETTE  AND  THE  USAGES  OF  SOCIETY: 

With  a  Glance  at  Bad  Habits.  By  A 70:70$.  “Manners  make  the  man.”  25th  Edition, 
revised  (with  additions)  by  a  Lady  of  Rank.  Fcp.  8vo.  2s.  Gd.  handsomely  hound  in  fancy 
cloth,  gilt  edges. 

General  Observations ;  Introductions— Letters  of  Introduction— Marriage— Dinners— Smoking; 
Snuff—  Fashion— Dress — Music— Dancing— Conversation— Advice  to  Tradespeople — Visiting; 
Visiting  Cards — Cards — Tattling— Of  General  Society. 

IIOARE.-A  PRACTICAL  TREATISE  ON  THE  CULTIVATION 

OF  THE  GRAPE  VINE  ON  OPEN  WALLS.  By  Clement  Hoare.  3d  Edition,  8vo. 
7s.  6d.  cloth. 

Introduction  ;  Observations  on  the  present  Method  of  Cultivating  Grape  Vines  on  open  Walls  ; 
on  the  capability  and  extent  of  the  Fruit-hearing  Powers  of  the  Vine;  on  Aspect;  on  Soil ; 
on  Manure;  on  the  Construction  of  Walls ;  on  the  Propagation  of  Vines ;  on  the  Pruning  of 
Vines;  on  the  Training  of  Vines;  on  the  Management  of  a  Vine  during  the  first  five  years  of 
its  growth;  Weekly  Calendarial  Register;  General  Autumnal  Primings;  on  the  Winter 
Management  of  the  Vine  ;  on  the  Planting  and  Management  of  Vines  in  the  public  thorough¬ 
fares  of  towns;  Descriptive  Catalogue  of  twelve  sorts  of  Grapes  most  suitably  adapted  for 
Culture  on  open  Walls. 

HOLLAND-PROGRESSIVE  EDUCATION ; 

Or,  Considerations  on  the  Course  of  Life.  Translated  from  the  French  of  Madame  Necker  de 
Saussure.  By  Miss  Holland.  3  vols.  fcp.  8vo.  19s.  6d.  cloth. 

***  The  Third  Volume,  forming  an  appropriate  conclusion  to  the  first  two,  separately,  7s.  6d. 

HOLLAND.— A  TREATISE  ON  THE  MANUFACTURES  IN 

METAL.  By  J.  Holland,  Esq.  3  vols.  fcp.  8vo.  Vignette  Titles,  and  ubout  300  Woodcuts, 
18s.  cloth. 


HOLLAND.— MEDICAL  NOTES  AND  REFLECTIONS. 

By  Henry  Holland,  M.D.  F.R.S.  &c.  Fellow  of  tlie  Royal  College  of  Physicians,  Physician 
Extraordinary  to  the  Queen,  and  Physician  in  Ordinary  to  His  Royal  Highness  Prince  Albert. 
2d  Edition,  I  vol.  8vo.  pp.  654,  18s.  cloth. 

HOOKER.— THE  BRITISH  FLORA, 

Vol.  1;  comprising  Phsenogamous  or  Flowering  Plants,  and  the  Ferns.  By  Sir  William 
Jackson  Hooker,  K.H.  LL.D.  F.R.A.  and  L.S.  &c.  &c  &c.  Fifth  Edition,  with  Additions 
and  Corrections;  and  173  Figures  illustrative  of  the  Umbelliferous  Plants,  the  Composite 
Plants,  the  Grasses,  and  the  Ferns.  In  Two  Vols.  8vo.  pp.  502,  with  12  Plates,  14s.  plain ; 
with  the  plates  coloured,  24s.  cloth. 

Vol.  2,  in  Two  Parts,  completing  the  British  Flora,  24s.  boards. 

HOOKER-COMPENDIUM  OF  THE  ENGLISH  FLORA. 

2d  Edition,  with  Additions  and  Corrections.  By  Sir  W.  J.  Hooker.  12mo.  7s.  6d.  cloth. 
THE  SAME  IN  LATIN.  5th  Edition,  12mo.  7s.  6d. 

HOOKER.— ICONES  PLANTARUM ; 

Or,  Figures,  with  brief  Descriptive  Characters  and  Remarks,  of  New  and  Rare  Plants,  selected 
from  the  Author’s  Herbarium.  By  Sir  W.  J.  Hooker,  K.H.  LL.D.  &c.  4  vols.  8vo.  with 
400  Plates,  £5.  12s.  cloth. 

HOOKER  AND  TAYL0R.-MUSC0L0GIA  BRITANNICA. 

Containing  the  Mosses  of  Great  Britain  and  Ireland,  systematically  arranged  and  described  ; 
with  Plates,  illustrative  of  the  character  of  the  Genera  and  Species.  By  Sir  W.  J.  PIooker 
and  T.  Taylor,  M.D.  F.L.S.,  &c.  2d  Edition,  8vo.  enlarged,  31s.  6cl.  plain  ;  £3.  3s.  coloured. 


HOWITT  (MARY).— THE  HOME. 

Or,  Family  Cares  and  Family  Joys.  By  Frederika  Bremer. 
Howitt.  2d  Edition,  2  vols.  post  8vo.  21s.  boards. 


Translated  by  Mary 


“  Miss  Bremer  possesses,  Beyond  any  other  living  writer  of  her  class,  the  power  of  realising  to  the  imagination 
every  individual  she  introduces.  There  is  scarcely  a  single  person  in  her  multitudinous  groups  that  does  not  stand 
out  palpably  in  his  living  lineaments.  The  minute  fidelity  of  her  details,  the  vivid  distinctness  with  which  every 
mental  struggle  and  secret  emotion  is  traced ;  the  moral  beauty  and  womanly  purity  which  steadily  illuminate 
her  narrative  ;  and  the  calm  Christian  philosophy  out  of  which  all  its  earnest  lessons  of  truth,  and  justice,  and  resig¬ 
nation,  and  serene  wisdom,  are  drawn,  must  receive  implicit  admiration  on  all  hands.” — Examiner. 


HOWITT  (MARY). -THE  NEIGHBOURS  : 


A  Story  of  Every-day  Life  in  Sweden.  By  Frederika 
Howitt.  3d  Edition,  2  vols.  post  8vo.  18s.  boards. 


Bremer.  Translated  b>  Mary 


HOWITT  (MARY).— THE  PRESIDENT’S  DAUGHTERS, 

Including  Nina.  By  Frederika  Bremer.  Translated  by  Mary  Howitt.  3  vols. 
post  8vo.  31s.  6d.  boards. 

“  ‘  The  President’s  Daughters’  is  a  worthy  companion  to  ‘  The  Neighbours’ — simple  and  truthful ;  and  though  we 
may  never  have  met  elsewhere  any  one  of  the  characters,  all  who  have  ever  looked  deeply  into  their  own  hearts  will 
claim  kindred  and  acquaintance  with  them.  There  is  not  one  that  offends  by  exaggeration— not  one  that  is  not 
recognised  at  a  glance  by  the  humanities  of  our  common  nature — they  are  creatures  of  flesh  and  blood,  and  walk 
the  stage  of  life  as  it  has 'been  trod  for  ages,  and  will  be  trod  for  ever.  No  impossible  vice,  no  super-human  virtue, 
startles  us  in  Miss  Bremer’s  page  :  we  recognise  in  her  heroes  and  heroines  men  and  women  with  whom  we  ourselves 
could  have  lived  and  been  happy.” — Athenaeum. 

HOWITT.— THE  RURAL  LIFE  OF  ENGLAND. 

By  William  Howitt,  New  Edition,  medium  8vo.  with  Engravingson  wood,  by  Bewick  and 
Williams,  uniform  with  “Visits  to  Remarkable  Places,”  21s.  cloth. 


Life  of  the  Aristocracy. 

Life  of  the  Agricultural  Population. 

Picturesque  and  Moral  Features  of  the  Country. 
Strong  Attachment  of  the  English  to  Country 
Life. 


The  Forests  of  England. 

Habits,  Amusements,  and  Condition  of  the 
People;  in  which  are  introduced  Two  New 
Chapters,  descriptive  of  the  Rural  Watering 
Places,  and  Education  of  the  Rural  Population  • 


HOWITT.— VISITS  TO  REMARKABLE  PLACES ; 

Old  Halls,  Battle-Fields,  and  Scenes  illustrative  of  Striking  Passages  in  English  History  and 
Poetry.  By  William  Howitt.  New  Edition,  medium  8vo.  with  40  Illustrations  by 
S.  Williams,  21s.  cloth. 

SECOND  SERIES,  chiefly  in  the  Counties  of  DURHAM  and  NORTHUMBERLAND,  with  a 
Stroll  along  the  BORDER.  1  vol.  medium  8vo.  with  upwards  of  40  highly-finished  Woodcuts, 
from  Drawings  made  on  the  spot  for  this  work,  by  Messrs.  Carmichael,  Richardsons,  and 
Weld  Taylor,  21s.  cloth. 
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HOWITT.-RURAL  AND  DOMESTIC  LIFE  OF  GERMANY : 

With  Characteristic  Sketches  of  its  Chief  Cities  and  Scenery.  Collected  in  a  General  Tour, 
and  during1  a  Residence  in  that  Country  in  the  Years  1840-42.  liy  William  Howitt, 
Author  of  “  The  Rural  Life  of  England,”  “  Visits  to  Remarkable  Places,”  “  The  Boy’s 
Country  Book,”  &c.  1  vol.  medium  8vo.  with  above  50  Illustrations,  21s.  cloth. 

“  Wo  oordiallv  record  our  conviction  of  the  value  of  Mr.  Howitt’s  volume,  and  strongly  recommend  its  early  perusal. 
It  is  both  instructive  and  entertaining,  and  will  be  found  to  familiarize  the  English  reader  with  forms  of  character 
and  modes  of  social  life,  vastly  different  from  anything  witnessed  at  home.” — Eclectic  Review  . 

HOWITT— THE  STUDENT-LIFE  OF  GERMANY. 

From  the  Unpublished  MSS.  of  Dr.  Cornelius.  By  William  Howitt.  8vo.  with  24  Wood- 
Engravings,  and  Seven  Steel  Plates,  21s.  cloth. 

This  volume  contains  Forty  of  the  most  famous  Student- Songs,  with  the  Original  Music,  adapted  to  the 

i’ianoforte  by  Winkelmeyer. 

HOWITT— COLONISATION  AND  CHRISTIANITY: 

A  Popular  History  of  the  Treatment  of  the  Natives,  in  all  their  Colonies,  by  the  Europeans. 
By  William  Howitt.  1  vol.  post  8vo.  10s.  6d.  cloth. 

HOWITT.— THE  BOY’S  COUNTRY  BOOK : 

Being  the  real  Life  of  a  Country  Boy,  written  by  himself;  exhibiting  all  the  Amusements, 
Pleasures,  and  Pursuits  of  Children  in  the  Country.  Edited  by  William  Howitt,  Author 
of  “The  Rural  Life  of  England,”  &c.  2d  Edition,  1  vol.  fcp.  8vo.  with  about  40  Woodcuts, 
8s.  cloth. 

IIUDSON.-THE  PARENT’S  HAND-BOOK ; 

Or,  Guide  to  the  Choice  of  Professions,  Employments,  and  Situations  ;  containing  useful  and 
practical  Information  on  the  subject  of  placing  out  Y’oung  Men,  and  of  obtaining  their  Edu¬ 
cation  with  a  view  to  particular  occupations.  By  J.  C.  Hudson,  Esq.  Author  of  “  Plain 
Directions  for  Making  Wills.”  Fcp.  8vo.  pp.  254,  5s.  cloth. 

“  This  volume  will  be  found  useful  to  any  parent  who  is  painfully  meditating  upon  that  difficult  subject  how  or  where  he 
can  best  place  his  sons  in  the  world." — Spectator. 

HUDSON-PLAIN  DIRECTIONS  FOR  MAKING  WILLS 

In  Conformity  with  the  Law,  and  particularly  with  reference  to  the  Act  7  Will.  4  and  1  Viet, 
c.  26.  To  which  is  added,  a  clear  Exposition  of  the  Law  relating  to  the  distribution  of  Per¬ 
sonal  Estate  in  the  case  of  Intestacy ;  with  two  Forms  of  Wills,  and  much  useful  information, 
&c.  By  J.  C.  Hudson,  of  the  Legacy  Duty  Office,  London.  12th  Edition,  corrected,  with 
notes  of  cases  judicially  decided  since  the  above  Act  came  into  operation.  Fcp.  8vo.  2s.  Gd. 
cloth,  gilt  edges. 

HUDSON.— THE  EXECUTOR’S  GUIDE. 

By  J.  C.  Hudson.  3d  Edition,  fcp.  8vo.  5s.  cloth. 

***  The  above  two  works  may  be  had  in  1  volume,  price  7s.  cloth. 

INGEMANN.-KING  ERIC  AND  THE  OUTLAWS; 

Or,  the  Throne,  the  Church,  and  the  People.  By  Ingkmann.  Translated  from  the  Danish 
by  Jane  Frances  Chapman.  3  vols.  post  8vo.  31s.  6d.  boards. 

“This  tide  introduces  us  into  new  and  fertile  ground, — Denmark  in  the  thirteenth  century  The  characters  are 
all  drawn  from  Danish  history  :  the  story  itself  is  full  of  incident  and  adventure.  The  author  boldly  plunges  at  once 
in  medins  res  ;  and  we  recollect  few  novels  in  which  the  attention  of  the  reader  is  more  quickly  interested,  or  mo  e 
completely  absorbed.  The  characters  are  struck  off  with  a  shrewd  intelligence,  and  contrast  admirably;  and  the 
whole  tale  is  original,  lively,  and  varied  in  no  common  degree,  reminding  us  of  the  chivalric  spirit  of  Scott.” 

Court  Journal. 

JACKSON-PICTORIAL  FLORA ; 

Or,  British  Botany  delineated,  in  1500  Lithographic  Drawings  of  all  the  Species  of  Flowering 
Plants  indigenous  to  Great  Britain  ;  illustrating  the  descriptive  works  on  English  Botany  of 
Hooker,  Lindley,  Smith,  &c.  By  Miss  Jackson.  8vo.  15s.  cloth. 

JACKSON,  &c. — THE  MILITARY  LIFE  OF  FIELD-MARSHAL 

THE  DUKE  OF  WELLINGTON,  K.G.  &c.  &c.  By  Major  Basil  Jackson,  and  Captain 
C.  Roch  fort  Scott,  late  of  the  Royal  Stall  Corps.  2  vols.  8vo.  with  Portraits  and  numerous 
Plans  of  Battles,  30s.  cloth. 

JAMES.— EVA  ST.  CLAIR  ; 

And  other  Collected  Tales.  By  G.  L.  It.  James,  Esq.  2  vols.  post  8vo.  21s.  boards. 

Also,  by  the  same  Author, 

The  Jacquerie— The  Ancient  Regime— Corse  de  Leon — The  King’s  Highway— Henry  of 
Guise — The  Huguenot — The  Gentleman  of  the  Old  School — The  Robber — Life  and  Adventures 
of  John  Marston  Hall— Mary  of  Burgundy— One  in  a  Thousand — Attila.  Each  in  3  vols.  post 
8 vo.  31s.  6u.  boards. 
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CATALOGUE  OF  NEW  WORKS 
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JAMES. -A  HISTORY  OF  THE  LIFE  OF  EDWARD  TIIE 

BLACK  PRINCE,  and  of  various  Events  connected  therewith,  which  occurred  during  the 
Reign  of  Edward  III.  King  of  England.  By  G.  P.  R.  James,  Esq.  2d  Edition,  2  vols.  , 
fcp.  8vo.  with  Map,  15s.  cloth. 

JAMES.— LIVES  OF  MOST  EMINENT  FOREIGN  STATESMEN. 

By  G.  P.  R.  James,  Esq.,  and  E.  E.  Crowe,  Esq.  5  vols.  fcp.  8vo.  with  Vignette  Titles, 
30s.  cloth. 

JEFFREY’S  (LORD)  CONTRIBUTIONS  TO  THE  EDINBURGH 

REVIEW.  4  vols.  8vo. 

An  announcement  having-  been  made  by  an  American  publisher  that  Lord  Jeffrey  had  made  a  selection  of  his 
writings  with  a  view  to  American  publication,  Messra.  Longman  and  Co.  are  authorised  to  contradict  that  statement. 

JOHNSON.— THE  FARMER’S  ENCYCLOPAEDIA, 

And  Dictionary  of  Rural  Affairs :  embracing  all  the  recent  Discoveries  in  Agricultural  Che¬ 
mistry  ;  adapted  to  the  comprehension  of  unscientific  readers.  By  Cuthbert  W.  Johnson, 
Esq.  F.R.S.  Barrister-at-Law,  Corresponding  Member  of  the  Agricultural  Society  of  Kbnigs- 
berg,  and  of  the  Maryland  Horticultural  Society ;  Author  of  several  of  the  Prize  Essays  of 
the  Royal  Agricultural  Society  of  England ;  and  other  Agricultural  Works ;  Editor  of  the 
“  Farmer’s  Almanack,”  &c.  1  thick  vol.  8vo.  pp.  1324,  illustrated  by  Wood  Engravings  of  the 
best  and  most  improved  Agricultural  Implements,  £ 2 .  10s.  cloth. 

KANE. -ELEMENTS  OF  CHEMISTRY  ; 

Including  the  most  Recent  Discoveries  and  Applications  of  the  Science  to  Medicine  and 
Pharmacy,  and  to  the  Arts.  By  Robert  Kane,  M.D.  M.R.I.A.,  Professor  of  Natural 
Philosophy  to  the  Royal  Dublin  Society.  1  thick  volume,  8vo.  with  236  Woodc.its,  24s.  cloth. 

KATER  AND  LARDNER.— A  TREATISE  ON  MECHANICS. 


By  Captain  Kater  and  Dr.  Lardner.  New  Edition. 
Plates,  comprising  224  distinct  figures,  6s.  cloth. 


1  vol.  fcp.  8vo.  Vignette  Title,  and  19 


KEIGHTLEY.— THE  HISTORY  OF  ENGLAND. 

By  Thomas  Keightley,  Esq.  In  2  vols.  12mo.  pp.  1206, 14s.  cloth ;  or  bound,  15s. 

For  the  convenience  of  Schools,  the  volumes  will  always  be  sold  separately, 

KEIGHTLEY. -AN  ELEMENTARY  HISTORY  OF  ENGLAND. 

By  Thomas  Keightley,  Esq.,  Author  of  “A  History  of  England,”  “Greece,”  “Rome,” 
“  Outlines  of  History,”  &c.  &c.  12mo.  pp.  364,  5s.  bound. 

KEIGHTLEY- THE  HISTORY  OF  GREECE. 

ByTHOMAS  Keightley,  Esq.  Third  edit.  12mo.  pp.508, 6s. 6d.  cloth,  or7s. bound. 
ELEMENTARY  HISTORY  of  GREECE,  18mo.  pp.  264,  3s.  6d.  bound. 

KEIGHTLEY. -THE  HISTORY  OF  ROME 

To  the  end  of  the  Republic.  By  Thomas  Keightley,  Esq.  Third  edition,  12mo.  pp.  512, 
6s.  6d„  cloth;  or  7s.  bound. 

ELEMENTARY  HISTORY  of  ROME,  18mo.  pp.  294,  3s.  6d.  bound. 

KEIGHTLEY.— THE  HISTORY  OF  TIIE  ROMAN  EMPIRE, 

From  the  Accession  of  Augustus  to  the  end  of  the  Empire  in  the  West.  By  T.  Keightley, 
Esq.  12mo.  pp.  456,  6s.  6d.  cloth,  or  7s.  bound. 

QUESTIONS  on  the  HISTORIES  of  ENGLAND,  Parts  1  and  2,  pp.  56  each;  ROME,  3d  edit, 
pp.  40;  GREECE,  3d  edit.  pp.  42.  12mo.  sewed,  Is.  each. 

KEIGHTLEY.— OUTLINES  OF  HISTORY, 

From  the  Earliest  Period.  By  Thomas  Keightley,  Esq.  New  Edition,  corrected  and  con¬ 
siderably  improved,  fcp.  8vo.  pp.  468,  6s.  cloth ;  or  6s.  Gd.  bound. 

KIPPIS.— A  COLLECTION  OF  HYMNS  AND  PSALMS, 

For  Public  and  Private  Worship.  Selected  and  prepared  by  A.  Kippis,  D.D.,  Abraham 
Rees,  D.D.,  the  Rev.  Thomas  Jervis,  and  the  Rev.  T.  Morgan.  To  which  is  added,  a 
Supplement.  New  Edition,  corrected  and  improved,  18mo.  5s.  bound. 
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KIRBY  &  SPENCE -AN  INTRODUCTION  TO  ENTOMOLOGY ; 

Or,  Elements  of  the  Natural  History  of  Insects  :  comprising  an  account  of  noxious  and  useful 
Insects,  of  their  Metamorphoses,  Food,  Stratagems,  Habitations,  Societies,  Motions,  Noises, 
Hybernation,  Instinct,  &c.  By  W.  Kirby,  M.A.  F.R.S.  &  L.S.  Rector  of  Barham;  and  W. 
Spence,  Esq.  F.R.S.  &  L.S.  6th  Edit,  corrected  and  much  enlarged,  2  vols.  8vo.  31s.  6d.  cloth. 

The  first  two  volumes  of  the  “Introduction  to  Entomology”  are  published  as  a  separate  work,  distinct  from 
the  third  and  fourth  volumes,  and,  though  much  enlarged,  at  a  considerable  reduction  of  price,  in  order  that 
the  numerous  class  of  readers  who  confine  their  study  of  insects  to  that  of  their  manners  and  economy,  need  not  be 
burthened  with  the  cost  of  the  technical  portion  of  the  work,  relating  to  their  anatomy,  physiology,  &"c. 

KNAPP.— GRAMINA  BRITANNICA ; 

Or,  Representations  of  the  British  Grasses  :  with  Remarks  and  occasional  Descriptions.  By 
I.  L.  Knapp,  lisq.  F.L-S.  &  A.S.  2d  Edition,  4to.  with  118  Plates,  beautifully  coloured, 
pp.  250,  16s.  boards. 

LAING.-A  TOUR  IN  SWEDEN, 

In  1S38 ;  comprising  observations  on  the  Moral,  Political,  and  Economical  State  of  the  Swedish 
Nation.  By  Samuel  Laing,  Esq.  8vo.  12s.  cloth. 

LAING. -NOTES  OF  A  TRAVELLER, 

On  the  Social  and  Political  State  of  France,  Prussia,  Switzerland,  Italy,  and  other  parts  of 
Europe,  during  the  present  century.  By  Samuel  Lainq,  Esq.  2d  Edition,  8vo.  16s.  cloth. 

LAING— JOURNAL  OF  A  RESIDENCE  IN  NORWAY, 

During  the  years  1834, 1835,  and  1836 ;  made  with  a  view  to  inquire  iuto  the  Rural  and  Political 
Economy  of  that  Country,  and  the  Condition  of  its  Inhabitants.  By  Samuel  Lainq,  Esq. 
2d  Edition,  8vo.  14s.  cloth. 

LAING.— THE  CHRONICLE  OF  THE  KINGS  OF  NORWAY, 

From  the  Earliest  Period  of  the  History  of  the  Northern  Sea  Kings  to  the  Middle  of  the  Twelfth 
Century,  commonly  called  the  Heimskringla.  Translated  from  the  Icelandic  of  Snorro 
Sturleson,  with  Notes,  and  a  Preliminary  Discourse,  by  Samuel  Lainq,  Author  of  “  A 
Residence  in  Norway,”  “  A  Tour  in  Sweden,”  “  Notes  of  a  Traveller,”  &c. 

[Preparing  for  publication. 

LARDNER’S  CABINET  CYCLOPAEDIA; 

Comprising  a  Series  of  Original  Works  on  History,  Biography,  Literature,  the  Sciences,  Arts, 
and  Manufactures.  Conducted  and  edited  by  Dr.  Lardner. 

The  Series,  complete,  in  One  Hundred  and  Thirty-three  Volumes,  a£39.  ISs.  (Three  volumes 
remain  to  be  published.)  The  works,  separate,  6s.  per  volume. 

LARDNEIL— A  TREATISE  ON  ARITHMETIC. 

By  D.  Lardner,  LL.l).  F.R.S.  1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth  lettered. 

LARDNER.— A  TREATISE  ON  ELECTRICITY  &  MAGNETISM. 

By  Dr.  Lardner.  2  vols.  fcp.  8vo.  12s.  (Vol.  2  is  in  the  press.) 

LARDNER.— A  TREATISE  ON  GEOMETRY, 


And  its  Application  to  the  Arts.  By  Dr.  Lardner. 
upwards  of  200  figures,  6s.  cloth. 


1  vol.  fcp.  8vo.  Vignette  Title,  and 


LARDNER— A  TREATISE  ON  HEAT. 

By  D.  Lardner,  LL.D.,  &c.  1  vol.  fcp.  8vo.  with  Woodcuts  and  Vignette  Title,  6s.  cloth. 

LARDNER.— A  TREATISE  ON  HYDROSTATICS  AND  PNEU- 

MATICS.  By  Dr.  Lardner.  New  Edition.  1  vol.  fcp.  8vo.  6s.  cloth. 

LECTURES  ON  POLARISED  LIGHT, 

Delivered  before  the  Pharmaceutical  Society,  and  in  the  Medical  School  of  the  London 
Hospital.  8vo.  illustrated  by  above  50  Woodcuts,  5s.  Gd.  cloth. 

L.  E.  L.-THE  POETICAL  WORKS  OF  LETITIA  ELIZABETH 

LANDON.  New  Edition  (1839),  4  vols.  fcp.  8vo.  with  Illustrations  by  Howard,  &c.  28s.  cloth 
lettered;  or  handsomely  bound  in  morocco,  with  gilt  edges,  £2.  4s. 

The  following  may  be  had  separately 

THE  IMPROVISATRICE .  10s.  6d.  i  THE  GOLDEN  VIOLET  .  10s.  6d 

THE  VENETIAN  BRACELET..  10s.  6d.  |  THE  TROUBADOUR .  10s. 6d. 

LIFE  OF  A  TRAVELLING  PHYSICIAN, 

From  his  first  Introduction  to  Practice  ;  including  20  Years’  Wanderings  throughout  the 
greater  pat  of  Europe.  3  vols.  post  Svo.  3  coloured  Plates,  31s.  Gd.  cloth. ' 
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,  LIGHTER  HOURS : 

A  Series  of  Poems.  By  an  Etonian.  Fcp.  8vo.  5s.  cloth. 

LINDLEY.— INTRODUCTION  TO  BOTANY. 

By  Prof.  J.  Lindley,  Ph.D.  F.R.S.  L.S.  &c.  3d  Edition  (1839),  with  Corrections  and  consi¬ 
derable  Additions,  1  large  vol.  8vo.  pp.  606,  with  Six  Plates  and  numerous  Woodcuts,  18s.  cloth. 

LINDLEY— A  NATURAL  SYSTEM  OF  BOTANY;  I 

Or,  a  Systematic  View  of  the  Organization,  Natural  Affinities,  and  Geographical  Distribution 
of  the  whole  Vegetable  Kingdom  ;  together  with  the  uses  of  the  most  important  species  in 
Medicine,  the  Arts,  and  Rural  or  Domestic  Economy.  By  John  Lindley,  Ph.D.,  F.R.S., 
L.S.,  &c.  2d  Edition,  with  numerous  additions  and  corrections,  and  a  complete  List  of 
Genera,  with  their  synonyms.  8vo.  18s.  cloth. 

LINDLEY.— FLO RA  MEDICA ; 

A  Botanical  Account  of  all  the  most  important  Plants  used  in  Medicine,  in  different  Parts  of 
the  World.  By  John  Lindley,  Ph.D.,  F.R.S.,  &c.  1  vol.  8vo.  18s.  cloth  lettered. 

LINDLEY.  SCHOOL  BOTANY ; 

Or,  an  Explanation  of  the  Characters  and  Differences  of  the  principal  Natural  Classes  and 
Orders  of  Plants  belonging  to  the  Flora  of  Europe,  in  the  Botanical  Classification  of  De 
Candolle.  For  the  use  of  Students  preparing  for  their  matriculation  examination  in  the 
University  of  London,  and  applicable  to  Botanical  Study  in  general.  By  John  Lindley, 
Ph.D.,  F.R.S.,  &c.  1  vol.  fcp.  8vo.  with  upwards  of  160  Woodcuts,  6s.  cloth  lettered. 

LINDLEY.— A  SYNOPSIS  OF  THE  BRITISH  FLORA,  ! 

Arranged  accordingto  the  Natural  Orders.  By  Professor  John  Lindley,  Ph.D.,  F.R.S.,  &c. 

The  3d  Edition,  with  numerous  additions,  corrections,  and  improvements,  12mo.  pp.  390, 

10s.  6d.  cloth. 

LINDLEY.— THE  THEORY  OF  HORTICULTURE ; 

Or,  an  Attempt  to  Explain  the  Principal  Operations  of  Gardening  upon  Physiological  Prin¬ 
ciples.  By  John  Lindley,  Ph.D.,  F.R.S.  1  vol.  8vo.  Illustrations  on  Wood.  12s.  cloth. 

This  hook  is  written  in  the  hope  of  providing  the  intelligent  gardener,  and  the  scientific  amateur,  correctly,  with 
the  rationalia  of  the  more  important  operations  of  Horticulture;  and  the  author  has  endeavoured  to  present  to  his 
readers  an  intelligible  explanation,  founded  upon  well-ascertained  facts,  which  they  can  judge  of  by  their  own  means 
of  observation,  of  the  general  nature  of  vegetable  actions,  and  of  the  causes  which,  while  they  control  the  powers 
of  life  in  plants,  are  capable  of  being  regulated  by  themselves.  The  possession  of  such  knowledge  will  necessarily 
teach  them  how  to  improve  their  methods  of  cultivation,  and  lead  them  to  the  discovery  of  new  and  better  modes. 

LINDLEY.— AN  OUTLINE  OF  THE  FIRST  PRINCIPLES  OF 

HORTICULTURE.  By  Professor  Lindley.  18mo.  2s.  sewed. 

LINDLEY. -GUIDE  TO  ORCHARD  AND  KITCHEN  GARDEN; 

Or,  an  Account  of  tlie  most  valuable  Fruits  and  Vegetables  cultivated  in  Great  Britain  :  with 
Kalendars  of  the  ‘Work  required  in  the  Orchard  and  Kitchen  Garden  during  every  month  in 
the  year.  By  George  Lindley,  C.M.H.S.  Edited  by  Professor  Lindley.  I  large 
vol.  8vo.  16s.  boards. 

i  LLOYD.— A  TREATISE  ON  LIGHT  AND  VISION. 

By  the  Rev.  H.  Lloyd,  M.A.,  Fellow  of  Trin.  Coll.  Dublin.  8vo.  15s.  boards. 

LORIMER.— LETTERS  TO  A  YOUNG  MASTER  MARINER, 

On  some  Subjects  connected  with  his  Calling.  By  Charles  Lorimer.  3d  edition,  12mo. 
with  an  Appendix,  5s.  6d.  cloth. 

L0UD0N.-AN  ENCYCLOPAEDIA  OF  TREES  AND  SHRUBS; 

being  the  “Arboretum  et  Fruticetum  Britannicum”  abridged:  containing  the  Hardy  Trees 
and  Shrubs  of  Great  Britain,  Native  and  Foreign,  Scientifically  and  Popularly  Described ; 
with  their  Propagation,  Culture,  and  Uses  in  the  Arts ;  and  with  Engravings  of  nearly  all 
the  Species.  Adapted  for  the  use  of  Nurserymen,  Gardeners,  and  Foresters.  By  J.  C. 
Loudon,  F.L.S.  &c.  In  8vo.  pp.  1234,  with  upwards  of  2000  Engravings  on  Wood,  £2. 10s. 
bound  in  cloth- 

The  Original  Work  may  be  had  in  8  vols.  8vo.  with  above  400  Octavo  Plates  of  Trees,  aud 
upwards  of  2500  Woodcuts,  .£40,  cloth. 

L0UD0N.-AN  ENCYCLOPAEDIA  OF  GARDENING;  i 

Presenting,  in  one  systematic  view,  the  History  and  Present  State  of  Gardening  in  all  Coun¬ 
tries,  and  its  Theory  and  Practice  in  Great  Britain:  with  the  Management  of  the  Kitchen 
Garden,  the  Flower  Garden,  Laying-out  Grounds,  &c.  By  J.  C.  Loudon,  F.L.S.  &c.  A  New 
Edition,  enlarged  and  much  improved,  1  large  vol.  8vo.  with  nearly  1000  Engravings  on  Wood, 
pp.  1312,  50s.  cloth.  j 


LOUDON.-AN  ENCYCLOPEDIA  OF  AGRICULTURE; 

Comprising;  its  History  in  all  Countries;  the  Principles  on  which  Agricultural  Operations 
depend,  and  their  Application  to  Great  Britain  and  similar  Climates.  By  J.  C.  Loudon,  F.L.S. 
&c.  The  Third  Edition,  1  large  vol.  8vo.  pp.  1418,  with  nearly  1300  Wood  Engravings, 
£ 2 .  10s.  cloth. 

LOUDON.-AN  ENCYCLOPEDIA  OF  PLANTS ; 

Including  all  the  Plants  which  are  now  found  in,  or  have  been  introduced  into,  Great  Britain  ; 
giving  their  Natural  History,  accompanied  by  such  descriptions,  engraved  figures,  and 
elementary  details,  as  may  enable  a  beginner,  who  is  a  mere  English  reader,  to  discover  the 
name  of  every  Plant  which  he  may  find  in  flower,  and  acquire  all  the  information  respecting 
it  which  is  useful  and  interesting.  The  Specific  Characters  by  an  Eminent  Botanist;  the 
Drawings  by  J.  D.  C.  Sowerbv,  F.L.S.  A  New  Edition  (1841),  with  a  New  Supplement,  com¬ 
prising  every  desirable  particular  respecting  all  the  Plants  originated  in,  or  introduced  into, 
Britain  between  the  first  publication  of  the  work,  in  1829,  and  January  1840:  with  a  new 
General  Index  to  the  whole  work.  Edited  by  J.  C.  Loudon,  prepared  by  W.  H.  Baxter,  Jun. 
and  revised  by  George  Don,  F.L.S. ;  and  800  new  Figures  of  Plants  on  Wood,  from  Drawings 
by  J.  D.  C.  Sowerbv,  F.L.S.  One  very  large  vol.  8vo.  with  nearly  10,000  Wood  Engravings, 
pp.  1354,  £3.  13s.  6d. 

The  New  Supplement  (1841),  separately,  8vo.  pp.  190,  15s.  cloth. 

LOUDON.-AN  ENCYCLOPEDIA  OF  COTTAGE,  FARM,  AND 

VILLA  ARCHITECTURE  and  FURNITURE.  Containing  Designs  for  Cottages,  Villas,  Farm 
Houses,  Farmeries,  Country  Inns,  Public  Houses,  Parochial  Schools,  &c. ;  with  the  requisite 
Fittings-up,  Fixtures,  and  Furniture,  and  appropriate  Offices,  Gardens,  and  Garden  Scenery: 
each  Design  accompanied  by  Analytical  and  Critical  Remarks  illustrative  of  the  Principles  of 
Architectural  Science  and  Taste  on  which  it  is  composed,  and  General  Estimates  of  the  Expense. 
By  J.  C.  Loudon,  F.L.S.  &c.  New  Edition  (1842),  corrected,  with  a  Supplement,  containing 
160  additional  pages  of  letter-press  and  nearly  300  new  engravings,  bringing  down  the  work  to 
1842.  1  very  thick  vol.  8vo.  pp.  1326,  with  more  than  2000  Engravings  on  Wood,  £3. 3s.  cloth. 

***  The  New  Supplement,  separately,  8vo.  pp.  174,  7s.  6d.  sewed. 

LOUDON.— II0RTUS  BRITANNICUS : 

A  Catalogue  of  all  the  Plants  indigenous  to  or  introduced  into  Britain.  The  3d  Edition  (1832), 
with  a  New  Supplement,  prepared,  under  the  direction  of  J.  C.  Loudon,  by  W.  II.  Baxter, 
and  revised  by  George  Don,  F.L.S.  1  vol.  8vo.  pp.  766,31s.  6d.  cloth. 

The  First  Supplement  (1835)  separately,  8vo.  pp.  26,  2s.  6d.  sewed. 

The  New  Supplement  (1839) separately ,8xo.  pp.  742,  8s.  sewed. 

LOUDON. -TIIE  SUBURBAN  GARDENER  AND  VILLA 

COMPANION :  comprising  the  Choice  of  a  Villa  or  Suburban  Residence,  or  of  a  situation  on 
which  to  form  one ;  the  Arrangement  and  Furnishing  of  the  House;  and  the  Laying-out, 
Planting,  and  general  Management  of  the  Garden  and  Grounds;  the  whole  adapted  for  grounds 
from  one  perch  to  fifty  acres  and  upwards  in  extent;  intended  for  the  instruction  of  those 
who  know  little  of  Gardening  or  Rural  Affairs,  and  more  particularly  for  the  use  of  Ladies. 
By  J.  C.  Loudon,  F.L.S.  &c.  1  vol.  8vo.  with  above  300  Wood  Engravings,  20s.  cloth. 

LOUDON.— II0RTUS  LIGN0SIS  L0NDINENSIS; 

Or,  a  Catalogue  of  all  the  Ligneous  Plants  cultivated  in  the  neighbourhood  of  London.  To 
which  are  added  their  usual  prices  in  Nurseries.  By  J.  C.  Loudon,  F.L.S.  & c.  8vo.  7s.  6d. 

L0UD0N.-0N  TIIE  LAYING-OUT,  PLANTING,  AND 

MANAGEMENT  of  CEMETERIES;  and  on  the  Improvement  of  Churchyards.  By  J.  C. 
Loudon,  F.L  S.  &c.  8vo.  with  60  Engravings,  12s.  cloth. 

LOW.— THE  BREEDS  OF  THE  DOMESTICATED  ANIMALS 

of  Great  Britain  described.  By  David  Low,  Esq.  F.R.S.E.  Professor  of  Agriculture  in  the 
University  of  Edinburgh ;  Member  of  the  Royal  Academy  of  Agriculture  of  Sweden;  Corre¬ 
sponding  Member  of  the  Conseil  Royal  d’ Agriculture  de  France,  of  the  Society  Royale  et 
Centrale,  &c.  &c.  The  Plates  from  Drawings  by  W.  Nicholson,  R.S.A.  reduced  from  a  Series 
of  Oil  Paintings,  executed  for  the  Agricultural  Museum  of  the  University  of  Edinburgh,  by 
W.  Shiels,  R.S.A.  2  vols.  atlas  quarto,  with  fifty-two  plates  of  animals,  beautifully  coloured 
after  Nature,  £\b.  16s.  half-bound  in  morocco. 

Or  in  four  separate  portions,  as  follow  :— 

The  OX,  in  1  vol.  atlas  quarto,  with  22  plates,  £6. 16s.  6d.  half-bound  in  morocco. 

The  SHEEP,  in  1  vol.  atlas  quarto,  with  21  plates,  £6.  16s.  6d.  half-bound  in  morocco. 

The  HORSE,  in  1  vol.  atlas  quarto,  with  8  plates,  £3,  half-bound  in  morocco. 

The  HOG,  in  1  vol.  atlas  quarto,  with  5  plates,  £2.  2s.  half-bound  in  morocco. 
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LOW-ELEMENTS  OF  PRACTICAL  AGRICULTURE; 

Comprehending;  the  Cultivation  of  Plants,  the  Husbandry  of  the  Domestic  Animals,  and  the 
Economy  of  the  Farm.  By  David  Low,  Esq.  F  R.S.E.,  Professor  of  Agriculture  in  the  Uni¬ 
versity  of  Edinburgh.  8vo.  4th  Edition,  with  Alterations  and  Additions,  and  above  200  Wood- 
cuts,  21s.  cloth. 

“  The  opinion  of  the  public  has  been  pronounced  in  favour  of  this  excellent  book  in  a  manner  not  to  be  mistaken. 

It  is  the  best  treatise  on  agriculture  in  the  language,  and  this  is  much  the  best  edition  of  it.  A  passage  in  the  preface 
is  so  full  of  practical  wisdom,  and  is  applicable  with  so  much  justice  to  agricultural  affairs  in  their  present  state,  that 
we  cannot  do  better  than  quote  it,  partly  for  its  intrinsic  value,  and  partly  as  an  indication  of  the  manner  in  which 
Professor  Low  has  extended  the  matter  of  his  valuable  pages.” — Professor  Lindley  in  the  Gardener’s  Chronicle. 

!  MACAULAY-CRITICAL  AND  HISTORICAL  ESSAYS  CON- 

TRIBUTED  to  the  EDINBURGH  REVIEW.  By  the  Right  Hon.  Thomas  Babington 
Macaulay.  2d  Edition,  3  vols.  8vo.  36s.  cloth. 

MACAULAY— LAYS  OF  ANCIENT  ROME. 

i  By  T.  B.  Macaulay,  Esq.  3d  Edition,  crown  8vo.  pp.  192;  10s.  6d.  doth. 

“  These  Lays  will  add  to  Mr.  Macaulay’s  great  reputation.  A  stirring  fancy,  a  fine  imagination,  run  freshly  and 
frankly  through  them,  with  the  right  homely,  hearty  wilfulness  of  the  genuine  ballad  style.  Life  and  passion  are  in 
every  one  of  them.” — Examiner. 

MACKENZIE.- THE  PHYSIOLOGY  OF  VISION. 

By  W.  Mackenzie,  M.D.,  Lecturer  on  the  Eye  in  the  University  of  Glasgow.  8vo.  with 

:  I  Woodcuts,  10s.  6d.  boards. 

i  1 

}  MACKINTOSH,  &c.— THE  HISTORY  OF  ENGLAND. 

By  Sir  James  Mackintosh  ;  W.  Wallace,  Esq. ;  and  Robert  Bell,  Esq.  10  vols.  fcp. 
8vo.  with  Vignette  Titles,  £3.  cloth. 

|  MACLEOD.— ON  RHEUMATISM, 

And  on  the  Affections  of  Internal  Organs,  more  especially  the  Heart  and  Brain,  to  which  it 
gives  rise.  By  R.  Macleod,  M.D.  Physician  to  St.  George’s  Hospital.  8vo.  pp.  172, 

7s.  cloth. 

MALTE-BRUN.-A  SYSTEM  OF  UNIVERSAL  GEOGRAPHY,  j 

Founded  on  the  Works  of  Malte-Brun  and  Balbi,  embracing  an  Historical  Sketch  of  the 
Progress  of  Geographical  Discovery,  the  Principles  of  Mathematical  and  Physical  Geography, 
and  a  complete  Description,  from  the  most  recent  sources,  of  the  Political  and  Social  Condition 
of  all  the  Countries  in  the  World  :  with  numerous  Statistical  Tables,  and  an  Alphabetical  Index 
of  12,000  Names.  One  thick  vol.  8vO.  closely  and  beautifully  printed,  30s.  cloth. 

MANUAL  FOR  MECHANICS’  INSTITUTIONS. 

Published  under  the  superintendence  of  the  Society  for  the  Diffusion  of  Useful  Knowledge. 

I  Post  8vo.  5s.  cloth. 

I 

!  MARCET  (MRS.)— CONVERSATIONS  ON  THE  HISTORY  OF  j 

ENGLAND.  For  the  Use  of  Children.  Vol.  1,  containing  the  History  to  the  Reign  of 
Henry  VII.  ISmo.  pp.  354,  4s.  6d.  cloth. 

“  Juvenile  literature  will  freely  own  how  much  it  is  indebted  to  Mrs.  Marcet,  not  only  for  the  present,  hut  all  her 
preceding  works.  She  imparts  interest  to  dry  and  dull  details  ;  and,  while  she  teaches,  begets  a  desire  in  her  pupils 
for  further  knowledge,  so  pleasantly  imparted.  These  ‘  Conversations,’  admirably  suited  to  the  capacities  of  children, 
may  be  skimmed  advantageously  by  ‘  children  of  a  larger  growth.’  ” — Literary  Gazette. 

j  MARCET.— CONVERSATIONS  ON  CHEMISTRY; 

In  which  the  Elements  of  that  Science  are  familiarly  Explained  and  Illustrated  by  Experiments. 
14th  Edition  (1841),  enlarged  and  corrected,  2  vols.  fcp.  8vo.  pp.  732,  14s.  cloth. 

1 

|  MARCET.— CONVERSATION S  ON  NATURAL  PHILOSOPHY ; 

j  In  which  the  Elements  of  that  Science  are  familiarly  explained,  and  adapted  to  the  compre¬ 

hension  of  Young  Persons.  10th  Edition  (1839),  enlarged  and  corrected  by  the  Author. 

In  1  vol.  fcp.  8vo.  pp.  484,  with  23  Plates,  10s.  6d.  cloth. 

Of  the  General  Properties  of  Bodies ;  the  Attraction  of  Gravity ;  the  Laws  of  Motion  ;  Compound 
Motion ;  the  Mechanical  Powers  ;  Astronomy ;  Causes  of  the  Earth’s  Motion  ;  the  Planets  ; 
the  Earth;  the  Moon;  Hydrostatics;  the  Mechanical  Properties  of  Fluids;  of  Springs, 
Fountains,  &c. ;  Pneumatics;  the  Mechanical  Properties  of  Air ;  on  Wind  and  Sound ;  Optics; 
the  Visual  Angle  and  the  Reflection  of  Mirrors ;  on  Refraction  and  Colours ;  on  the  Structure 
of  the  Eye,  and  Optical  Instruments. 


MARCET.— CONVERSATIONS  ON  POLITICAL  ECONOMY ; 

In  which  the  Elements  of  that  Science  are  familiarly  explained.  7th  Edition  (1839),  revised 
and  enlarged,  1  vol.  fcp.  8vo.  pp.  424,  7s.  6d.  cloth. 

Introduction;  on  Property;  the  Division  of  Labour ;  on  Capital;  on  Wages  and  Population  ;  on 
the  Condition  of  the  Poor;  on  Value  and  Price;  on  Income;  Income  from  Landed  Property ; 
Income  from  the  Cultivation  of  Land  ;  Income  from  Capital  lent ;  on  Money ;  on  Commerce ; 
on  Foreign  Trade;  on  Expenditure  and  Consumption. 

MARCET.  -  CONVERSATIONS  ON  VEGETABLE  PHYSIO- 

LOGY ;  comprehending  the  Elements  of  Botany,  with  their  application  to  Agriculture. 
3d  Edition  (1839),  1  vol.  fcp.  8vo.  pp.  474,  with  4  Plates,  9s.  cloth. 

Introduction;  on  Roots;  on  Stems;  on  Leaves;  on  Sap;  on  Cambium  and  the  peculiar  Juices 
of  Plants;  on  the  Action  of  Light  and  Heaton  Plants;  on  the  Naturalization  of  Plants;  on 
the  Action  of  the  Atmosphere  on  Plants;  on  the  Action  of  Water  on  Plants;  on  the  Artificial 
Mode  of  Watering  Plants ;  on  the  Action  of  the  Soil  on  Plants ;  on  the  Propagation  of  Plants 
by  Subdivision ;  on  Grafting' :  on  the  M ultiplication  of  Plants  by  Seed  ;  the  Flower ;  on  Com¬ 
pound  Flowers ;  on  Fruit ;  on  the  Seed  ;  on  the  Classification  of  Plants  ;  on  Artificial  Systems  ; 
on  the  Natural  System;  Botanical  Geography;  the  Inlluence  of  Culture  on  Vegetation ;  on 
the  Degeneration  and  Diseases  of  Plants;  on  the  Cultivation  of  Trees;  on  the  Cultivation  of 
Plants  which  produce  Fermented  Liquors  ;  on  the  Cultivation  of  Grasses,  Tuberous  Roots,  and 
Grain ;  on  Oleaginous  Plants  and  Culinary  Vegetables. 

MARCET.— CONVERSATIONS  FOR  CHILDREN ; 

On  Land  and  Water.  2d  Edition  (1839),  revised  and  corrected,  1  vol.  fcp.  8vo.  pp.  256,  with 
coloured  Maps,  showing  the  comparative  altitude  of  Mountains,  5s.  6d.  cloth. 

MARCET.— THE  GAME  OF  GRAMMAR, 

With  a  Book  of  Conversations  (fcp.  8vo.  pp.  54,  1842)  shewing  the  Rules  of  the  Game,  and 
affording  Examples  of  the  manner  of  playing  at  it.  In  a  varnished  box,  or  done  up  as  a  post 
8vo.  volume  in  cloth,  8s. 

MARCET. -MARY’S  GRAMMAR; 

Interspersed  with  Stories,  and  intended  for  the  Use  of  Children.  6th  Edition  (1842),  revised 
and  enlarged.  18mo.  pp.  336,  3s.  6d.  half-bound. 

MARCET.  -  JOHN  HOPKINS’  NOTIONS  ON  POLITICAL 

ECONOMY.  3d  Edition  (1834),  fcp.  8vo.  pp.  194,  4s.  Gd.  cloth. 

***  A  smaller  Edition  (the  second,  1833),  in  18mo.  pp.  176,  Is.  Gd.  sewed. 

MARCET.— WILLY’S  HOLIDAYS ; 

Or,  Conversations  on  Different  Rinds  of  Governments,  intended  for  Young  Children.  18mo. 
pp.  158  (1836),  2s.  half-bound. 

MARCET.— WILLY’S  STORIES  FOR  YOUNG  CHILDREN. 

Third  Edition,  18mo.  pp.  138  (1839),  2s.  half-bound. 

The  House-building ;  the  Three  Pits  (the  Coal  Pit,  the  Chalk  Pit,  and  the  Gravel  Pit);  and  the 
Land  without  Laws. 

MARCET.— THE  SEASONS ; 

Stories  for  very  Young  Children.  4  vols.  ISmo.  new  Editions:  Vol.  1,  Winter,  3d  Edition, 
pp.  180,  1839;  Vol.  2,  Spring,  3d  Edition,  pp.  196,  1839  ;  Vol.  3,  Summer,  3d  Edition,  pp.  178, 
1840 ;  Vol.  4,  Autumn,  3d  Edition,  pp.  184,  1840.  2s.  each  volume,  half-bound. 

MARRIAGE  GIFT. 

By  a  Mother.  A  Legacy  to  her  Children.  Post  8vo.  5s.  cloth, gilt  edges. 

MARRYAT.— MASTERMAN  READY ; 

Or,  the  Wreck  of  the  Pacific.  Written  for  Young  People.  By  Captain  Marryat.  3  vols. 
fcp.  8vo.  with  numerous  Engravings  on  Wood,  22s.  Gd.  cloth. 

***  The  volumes  separately,  7s.  Gd.  each,  cloth. 

MARTINGALE-SPORTING  SCENES  AND  COUNTRY  CIIA- 

RACTERS.  By  Martingale.  1  vol.  square  crown  8vo.  beautifully  embellished  with 
Wood  Engravings  in  the  highest  style  of  the  Art,  £\.  Is.  handsomely  bound  in  a  new  style. 
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MAUNDER.— THE  TREASURY  OF  KNOWLEDGE, 

And  LIBRARY  of  REFERENCE  :  containing  a  new  and  enlarged  Dictionary  of  the  English 
Language,  preceded  by  a  Compendious  Grammar,  Verbal  Distinctions,  &c.;  a  new  Universal 
Gazetteer;  a  Compendious  Classical  Dictionary ;  a  Chronological  Analysis  of  General  History ; 
a  Dictionary  of  Law  Terms,  &c.  &c.  By  Samuel  Maunder.  14th  Edition,  lvol.fcp.8vo. 
pp.  810,  with  two  engraved  Frontispieces,  8s.  6d.  cloth;  or  handsomely  bound  in  roan,  lettered, 
with  gilt  edges,  10s.  6d. 

MAUNDER.— THE  SCIENTIFIC  &  LITERARY  TREASURY ; 

A  new  and  popular  Encyclopaedia  of  Science  and  the  Belles  Lettres  ;  including  all  Branches  of 
Science,  and  every  Subject  connected  with  Literature  and  Art.  The  whole  written  in  a  familiar 
style,  adapted  to  the  comprehension  of  all  persons  desirous  of  acquiring  information  on  the  ! 
subjects  comprised  in  the  work,  and  also  adapted  for  a  Manual  of  convenient  Reference  to  the  j 
more  instructed.  By  Samuel  Maunder.  2d  Edition,  1  thick  vol.  fcp.  8vo.  of  1700  closely- 
printed  columns,  pp.  840,  with  an  engraved  Frontispiece,  10s.  handsomely  bound  in  fancy 
cloth,  lettered ;  or  bound  in  roan,  gilt  edges,  12s. 

MAUNDER— THE  BIOGRAPHICAL  TREASURY ; 

Consisting  of  Memoirs,  Sketches,  and  brief  Notices  of  above  12,000  Eminent  Persons  of  all  Ages 
and  Nations,  from  the  Earliest  Period  of  History ;  forming  a  new  and  complete  Dictionary 
of  Universal  Biography.  4tli  Edition,  with  a  “  Supplement,”  from  the  Accession  of  Queen 
Victoria  to  the  Present  Time.  1  vol.  fcp.  8vo.  pp.  876,  with  engraved  Frontispiece,  Ss.  6d.  ! 

cloth  ;  or  roan,  gilt  edges,  10s.  6d. 

MAUNDER.— THE  TREASURY  OF  HISTORY ; 

Comprising  a  General  Introductory  Outline  of  Universal  History,  Ancient  and  Modern,  and  a 
Series  of  separate  Histories  of  every  principal  Nation  that  exists ;  their  Rise,  Progress,  and 
Present  Condition,  the  Moral  and  Social  Character  of  their  respective  inhabitants,  their 
Religion,  Manners,  and  Customs,  &c.  By  Samuel  Maunder. — In  the  press. 

MTULLOCH.— THE  PRINCIPLES  OF  POLITICAL  ECONOMY: 

with  some  Enquiries  respecting  their  Application,  and  a  Sketch  of  the  Rise  and  Progress  of 
the  Science.  By  J.  R.  M‘Culloch,  Esq.  New  Edition,  enlarged  and  corrected  throughout, 
8vo. 15s. 

M‘CULL0CH.-A  DICTIONARY,  GEOGRAPHICAL,  STATIS- 

TICAL,  AND  HISTORICAL,  of  the  various  Countries,  Places,  and  Principal  Natural  Objects 
in  the  WORLD.  By  J.  R.  McCulloch,  Esq.  2  thick  vols.  8vo.  pp.  1980,  ^4,  bound  in  cloth. 
Illustrated  with  Six  Large  important  Maps  as  follow 

1.  The  World,  on  Mercator’s  Projection ;  with  enlarged  scales  introduced  of  Canton  River,  Van 

Dieman’s  Land,  Hooghly  River,  Island  and  Town  of  Singapore,  and  Colony  of  Good  Hope. 

2.  Asia  on  a  very  extensive  scale,  embracing  every  recent  Survey  (coloured). 

3.  Great  Britain  and  Ireland,  exhibiting  the  Navigable  Rivers,  and  completed  and  proposed 

Railways;  with  Dublin  Bay,  the  Caledonian  Canal,  and  the  River  Thames,  introduced  on 
an  enlarged  scale. 

4.  The  British  Possessions  in  North  America,  with  part  of  the  United  States,  compiled  from 

official  sources ;  with  Plans  of  the  Cities  and  Harbours  of  Montreal  and  the  Island  of 
Newfoundland,  introduced  on  an  enlarged  scale. 

5.  Central  and  Southern  Europe,  with  the  Mediterranean  Sea;  the  Mouth  of  the  Schelde  intro¬ 

duced  on  an  extended  scale. 

6.  Central  America  and  the  West  Indies,  from  the  latest  and  best  authorities ;  with  the  Island 

of  Jamaica,  the  Harbours  of  Port  Royal  and  Kingston,  and  the  Harbour  and  City  of  Havana, 
introduced  on  an  enlarged  scale. 

“  The  extent  of  information  tpis  Dictionary  affords  on  the  subjects  referred  to  in  its  title  is  truly  surprising.  It  ] 
cannot  fail  to  prove  a  vade-mecum  to  the  student,  whose  inquiries  will  he  guided  by  its  light,  and  satisfied  by  its" clear 
and  frequently  elaborated  communications.  Every  public  room  in  which  commerce,  politics,  or  literature,  forms  the 
subject  of  discussion,  ought  to  be  furnished  with  these  volumes.” — Globe. 

M'CULLOCH.— A  DICTIONARY,  PRACTICAL,  THEORETI- 

CAL,  AND  HISTORICAL,  OF  COMMERCE  AND  COMMERCIAL  NAVIGATION.  Illus¬ 
trated  with  Maps  and  Plans.  By  J.  R.  M‘Cui,loch,  Esq.  A  New  Edition,  with  a  new  and 
enlarged  Supplement,  containing  the  New  Tariff,  the  New  Corn  Law  (with  an  Article  on  the 
latter),  and  bringing  down  the  information  in  the  work  to  September  1842.  One  closely 
and  beautifully-printed  vol.  8vo.  of  more  than  1350  pages,  dt2. 10s.  boards. 

***  The  New  Supplement  separately,  5s.  sewed. 
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MEREDITH. 

By  the  Countess  of  Btessington.  3  vols.  post  8vo.  31s.  6d.  boards. 

“  This  novel  is  perhaps  the  best  that  Lady  Blessington  lias  yet  given  to  us— combining.  a=  it  does,  all  the  best 
features  of  her  style,  in  a  consistent  and  well-constructed  narrative  which  accomplishes  all  it  aims  at, — namely,  to 
place  before  its  readers  a  picture  of  actual  English  life,  so  grouped  and  coloured  by  the  hand  of  fiction  as  merely  to 
heighten  its  moral  effect  without  impairing  its  truthfulness.” — New  Monthly  Magazine. 

MILNE.— TREATISE  ON  THE  VALUATION  OF  ANNUITIES 

AND  ASSURANCES  on  LIVES  and  SURVIVORSHIPS;  on  the  Construction  of  Tables  of 
Mortality ;  and  on  the  Probabilities  and  Expectations  of  Life.  Wherein  the  Laws  of  Mortality 
that  prevail  in  different  parts  of  Europe  are  determined,  and  the  Comparative  Mortality  of 
different  Diseases  and  of  the  Two  Sexes  are  shown:  with  a  variety  of  Tables.  By  Joshua 
M  ilne,  Actuary  to  the  Sun  Life  Assurance  Society.  2  vols.  8vo.  £1.  10s.  boards. 

MILTON’S  L’ALLEGRO  AND  IL  l'ENSEROSO, 

With  Illustrations  by  Members  of  the  Etching  Club.  Imp.  8vo. — (In  preparation.) 

MONTGOMERY’S  (JAMES)  POETICAL  WORKS.  | 

New  and  only  Complete  Edition  (1841).  With  some  additional  Poems,  and  Autobiographical 
Prefaces.  Collected  and  Edited  by  Mr.  Montgomery.  4  vols.  fcp.  8vo.  with  Portrait,  and 
Seven  other  beautifully-engraved  Plates,  20s.  cloth  ;  or  bound  in  morocco,  with  gilt  edges, 

£1. 16s. 

MOORE’S  (THOMAS)  POETICAL  WORKS. 

First  and  only  Complete  Edition  (1841).  Edited  by  Mr.  Moore.  With  Autobiographical 
Prefaces.  10  vols.  fcp.  8vo.  with  Portrait,  and  19  other  highly-finished  Plates,  £2.  10s. 
fancy  cloth;  or  £4.  10s.  handsomely  bound  in  morocco,  with  gilt  edges- 

MOORE’S  POETICAL  WORKS; 

Containing  the  Author’s  recent  Introduction  and  Notes.  Complete  in  one  volume,  uniform 
with  Lord  Byron’s  Poems.  With  a  New  Portrait,  by  George  Richmond,  engraved  in  the  line 
manner,  and  a  View  of  Sloperton  Cottage,  the  Residence  of  the  Poet,  by  Thomas  Creswick, 
A.R.A.  Medium  8vo.  £1.  Is.  cloth. 

MOORE’S  LALLA  R00K1I. 

Twentieth  Edition  (1842),  1  vol.  medium  8vo.  beautifully  illustrated  with  13  Engravings 
finished  in  the  highest  style  of  Art,  21s.  handsomely  bound  in  cloth  and  ornamented  ;  or,  with 
India  Proof  Plates,  40s.  cloth. 

MOORE’S  LALLA  ROOKH. 

Twenty-first  Edition  (1842),  1  vol.  fcp.  8vo.  with  Four  Engravings,  from  Paintings  by  Westall, 

10s.  6d.  cloth  ;  or,  handsomely  bound  in  morocco,  with  gilt  edges,  14s. 

MOORE’S  IRISH  MELODIES. 

New  Edition,  imp.  8vo.  illustrated  with  above  50  Desigmsby  Maclise,  etched  on  steel,  £2. 2s. ; 
Proofs  on  India  Paper,  £4.  4s.;  before  Letters  (of  Illustrations  only),  £6.  6s. — Nearly  ready. 

The  Poetry  and  Designs  will  both  bo  engraved,  and  eacli  page  surrounded  with  an  Ornamental  Border. 

MOORE’S  IRISH  MELODIES. 

Fifteenth  Edition  (1843),  with  Engraved  Title  and  Vignette,  10s.  cloth  lettered ;  or  13s.  0d‘  1 

handsomely  bound  in  morocco,  with  gilt  edges. 

MOORE.— THE  HISTORY  OF  IRELAND. 

By  Thomas  Moore,  Esq.  Vols.  1  to  3,  with  Vignette  Titles,  18s.  cloth. 

MORAL  OF  FLOWERS. 

3d  Edition,  1  vol.  royal  8vo.  with  24  beautifully-coloured  Engravings,  £\.  10s.  half-bound. 

MORGAN. -THE  PRINCIPLES  AND  DOCTRINE  OF  ASSU- 

RANGES,  ANNUITIES  on  LIVES,  and  CONTINGENT  REVERSIONS,  stated  and  explained. 

By  W.  Morgan,  E.ll.S.  Actuary  to  the  Society  for  Equitable  Assurances  on  Lives,  &c.  8vo. 

12s.  boards. 

MORTON.-A  VETERINARY  TOXICOLOGICAL  CHART, 

Containing  those  Agents  known  to  cause  Death  in  the  Horse;  with  the  Symptoms,  Antidotes, 
Action  on  the  Tissues,  and  Tests.  By  W.  J.  T.  Morton.  12mo.  6s.  in  case;  8s.  6d.  on  rollers. 
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MORTON.-A  MANUAL  OF  PHARMACY, 

For  the  Student  in  Veterinary  Medicine ;  containing  the  Substances  employed  at  the  Royal 
Veterinary  College,  with  an  attempt  at  their  classification,  and  the  Pharmacopoeia  of  that  In¬ 
stitution.  By  W.  J.  T.  Morton.  2d  Edition,  12mo.  pp.  304,  9s.  cloth. 

MOSELEY.— ILLUSTRATIONS  OF  PRACTICAL  MECHANICS. 

By  the  Rev.  H.  Moseley,  M.A.,  Professor  of  Natural  Philosophy  and  Astronomy  in  King’s 
College,  London ;  being  the  First  Volume  of  the  Illustrations  of  Science  by  the  Professors  of 
King’s  College.  1  vol.  fcp.  8vo.  with  numerous  Woodcuts,  8s.  cloth. 

MOSELEY.— THE  MECHANICAL  PRINCIPLES  OF  EN6I- 

NEERING  AND  ARCHITECTURE.  By  the  Rev.  H.  Moseley,  M.A.  F.R.S.,  Professor  of 
Natural  Philosophy  and  Astronomy  in  King’s  College,  London ;  and  Author  of  “  Illustrations 
of  Mechanics,”  &c.  1  vol.  8vo.  with  Woodcuts  and  Diagrams,  24s.  cloth. 

“This  volume  includes  the  substance  of  a  course  of  lectures  delivered  to  the  students  of  King’s  College,  in  the 
departments  of  engineering  and  architecture,  during  the  present  and  two  preceding  years  (1840-42).  The  first  part 
treats  of  statics,  so  far  as  that  science  applies  to  the  subject;  the  second  of  dynamics;  the  third  of  the  theory  of 
machines ;  the  fourth  of  the  theiry  of  the  stability  of  structures  ;  the  fifth  of  the  strength  of  materials  ;  and' the 
sixth  and  last  of  ‘  impact.’  We  have  merely  noted  the  divisions  of  this  body  of  mathematical  science  for  the  informa¬ 
tion  of  those  to  whom  the  high  reputation  of  Professor  Moseley  will  be  a  sufficient  warranty.” — Spectator. 

“  The  work  of  Mr.  Moseley  is  an  elaborate,  profound,  accurate,  and  elegant  abstract  and  purely  mathematical 
disquisition  on  the  theoretical  principles  of  mechanics ;  and  will  serve  to  increase  the  author’s  high  reputation  as  a 
mathematician.” — Athen-Eum. 

MURRAY.— ENCYCLOPEDIA  OF  GEOGRAPHY ; 

Comprising  a  complete  Description  of  the  Earth :  exhibiting  its  Relation  to  the  Heavenly 
Bodies,  its  Physical  Structure,  the  Natural  History  of  each  Country,  and  the  Industry,  Com¬ 
merce,  Political  Institutions,  and  Civil  and  Social  State  of  all  Nations.  By  Hugh  Murray, 
F.R.S.E. :  assisted  in  Astronomy,  &c.  by  Professor  Wallace ;  Geology,  &c.  by  Professor 
Jameson;  Botany,  &c.  by  Sir  W.  J.  Hooker;  Zoology,  &c.  by  W.  Swainson,  Esq.  New  I 
Edition,  brought  down  to  1840 :  with  82  Maps,  drawn  by  Sidney  Hall,  and  upwards  of  1000  other  ! 
Engravings  on  Wood,  from  Drawings  by  Swainson,  T.  Landseer,  Sowerby,  Strutt,  &c.  repre¬ 
senting  the  most  remarkable  Objects  of  Nature  and  Art  in  every  Region  of  the  Globe.  1  vol. 
8vo.  containing  upwards  of  1500  pages,  £3,  cloth. 

NARRIEN.-ELEMENTS  OF  GEOMETRY ;  ! 

Consisting  of  the  first  Four  and  Sixth  Books  of  Euclid,  chiefly  from  the  Text  of  Dr.  Robert  j 
Simson  :  with  the  principal  Theorems  in  Proportion,  and  a  Course  of  Practical  Geometry  on 
the  Ground ;  also,  Four  Tracts  relating  to  Circles,  Planes,  and  Solids,  with  one  on  Spherical 
Geometry.  By  Mr.  Narrien,  Professor  of  Mathematics  in  the  Royal  Military  College, 
Sandhurst.  8vo.  pp.  288,  with  many  diagrams,  10s.  6d.  bound. 

NIC0LAS.-THE  CHRONOLOGY  OF  HISTORY. 

Containing  Tables,  Calculations,  and  Statements  indispensable  for  ascertaining  the  Dates  of  i 
Historical  Events,  and  of  Public  and  Private  Documents,  from  the  Earliest  Period  to  the 
Present  Time.  By  Sir  Harris  Nicolas,  K.C.  M.G.  Second  edition,  corrected  throughout. 

1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth. 

“We  strongly  recommend  to  historical  students  the  clear  and  accurate  ‘Chronology  of  History,’  by  .Sir  Harris 
Nicolas,  which  contains  all  the  information  that  can  be  practically  required.” — Quarterly  Review',  No.  142. 

O’SULLIVAN.— OF  THE  AP0STACY  PREDICTED  BY  ST. 

PAUL.  By  the  Rev.  Mortimer  CPSullivan,  D.D.  Rector  of  Killyman.  8vo.  pp.  596, 
14s.  cloth. 

OWEN. -LECTURES  ON  THE  COMPARATIVE  ANATOMY  ! 

AND  PHYSIOLOGY  OF  THE  INVERTEBRATE  ANIMALS,  delivered  at  the  Royal  College 
of  Surgeons  in  1843.  By  Richard  Owen,  E.R.S.  Hunterian  Professor  to  the  College.  From 
Notes  taken  by  William  White  Cooper,  M.R.C.S.  and  revised  by  Professor  Owen.  With 
Glossary  and  Index.  8vo.  with  nearly  140  Illustrations  on  Wood,  14s.  cloth. 

“  It  is  sufficient  to  announce  a  work  on  the  comparative  anatomy  of  the  Invertebrata  by  Mr.  Owen.  Were  it 
necessary  to  recommend  it,  we  should  say,  that  the  desideratum  it  supplies  has  been  long  felt  by  students  of  natural 
history;  and  that  no  writer  of  the  present  day  except  Mr.  Owen  could  have  ventured  to  approach  the  subject:  his 
enlightened  researches  having  made  the  delightful  department  of  science  in  which  he  has  created  his  brilliant  repu¬ 
tation  legitimately  his  own;  and,  indeed,  organised  into  a  system  an  interesting  branch  of  knowledge  in  which  he 
found  only  a  few  scattered  and  imperfectly  known  facts.” — Medical  Gazette. 

PARKES.— DOMESTIC  DUTIES ; 

Or,  Instructions  to  Young  Married  Ladies  on  the  Management  of  their  Households  and  the 
Regulation  of  their  Conduct  in  the  various  Relations  and  Duties  of  Married  Life.  By  Mrs. 
W.  Parkes.  5th  Edition,  fcp.  8vo.  9s.  cloth. 

Social  Relations— Household  Concerns— the  Regulation  of  Time— Moral  and  Religious  Duties. 
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PARNELL.-A  TREATISE  ON  ROADS; 

Wherein  the  Principles  on  which  Roads  should  be  made  are  explained  and  illustrated  by  the 
Plans,  Specifications,  and  Contracts  made  use  of  by  Thomas  Telford,  Esq.  on  the  Holyhead 
Road.  By  the  Right  Hon.  Sir  Henry  Parnell,  Bart.,  Hon.  Memb.  Inst.  Civ.  Eng. London. 
Second  Edition,  greatly  enlarged,  with  9  large  plates,  £1.  Is.  cloth. 

PEARSON.-PRAYERS  FOR  FAMILIES: 

Consisting  of  a  Form,  short  but  comprehensive,  for  the  Morning  and  Evening  of  everyday  in 
theweek.  Selected  by  the  late  E.  Pearson,  D.D.  Master  of  Sidney  Sussex  College,  Cambridge. 
To  which  is  prefixed,  a  Biographical  Memoir  of  the  Editor.  New  Edit.  18mo.  2s.  6d.  cloth. 

PEARSON.-AN  INTRODUCTION  TO  PRACTICAL  ASTRO- 

NOMY.  By  the  Rev.  W.  Pearson,  LL.D.  F.R.S.,  &c.,  Rector  of  South  Killworth, 
Leicestershire,  and  Treasurer  to  the  Astronomical  Society  of  London.  2  vols.  4to.  with 
Plates,  £7.  7s.  boards. 

Vol.  I  contains  Tables,  recently  computed,  for  facilitating  the  Reduction  of  Celestial  observa¬ 
tions  ;  and  a  popular  explanation  of  their  Construction  and  Use. 

Vol.  2  contains  Descriptions  of  the  various  Instruments  that  have  been  usefully  employed  in 
determining  the  Places  of  the  Heavenly  Bodies,  with  an  Account  of  the  Methods  of  Adjusting 
and  Using  them. 

PERCIVALL.— THE  ANATOMY  OF  THE  HORSE; 

Embracing  the  Structureof  the  Foot.  By  W.  Percivall,  M.R.C.S.  Svo.  pp.  478,  <£1.  cloth. 

PERCIVALL.-IIIPPOPATHOLOGY ; 

A  Systematic  Treatise  on  the  Disorders  and  Lameness  of  the  Horse;  with  their  modern  and 
most  approved  Methods  of  Cure;  embracing  the  doctrines  of  the  PInglish  and  French 
Veterinary  Schools.  By  W.  Percivall,  M.R.C.S.  Veterinary  Surgeoninthe  1st  Life  Guards. 
Vol  1,  8vo.  pp.  340,  10s.  6d,  boards;  Vol.  2,  8vo.  pp.  436,  14s. 

PEREIRA.— A  TREATISE  ON  FOOD  AND  DIET : 

With  Observations  on  the  Dietetical  Regimen  suited  for  Disordered  States  of  the  Digestive 
Organs;  and  an  Account  of  the  Dietaries  of  some  of  the  principal  Metropolitan  and  other 
Establishments  for  Paupers,  Lunatics,  Criminals,  Children,  the  Sick,  &c.  By  Jon.  Pereira, 
M.D.  F.It.S.  &  L.S.  &c.  Author  of  “  Elements  of  Materia  Medica.”  8vo.  16s.  cloth. 

“  Dr.  Pereira’s  book  contains  such  an  exposition  of  the  entire  subject  of  alimentary  substances  and  diet  as  must  be 
alike  acceptable  to  the  professional  student  and  impro\  nut  to  the  general  reader.  'File  chapter  on  Dietaries — a  most 
important  subject  ably  treated — has  a  present  and  vital  interest.” — Tver's  Mvgvzine. 

“  The  most  complete  and  informing  work  on  the  subject  which  has  been  yet  presented  to  the  public.  We  urge 
every  one  to  read  it  with  attention,  as  the  production  of  a  medical  philosopher,  and  one  of  Uie  first  physicians  of  the 
age.” — Anas. 

“  A  complete  manual  for  the  valetudinarian.” — John  Bi  ll. 

PHILLIPS.- AN  ELEMENTARY  INTRODUCTION  TO  MINE- 

RALOGY ;  comprising  a  Notice  of  the  Characters  and  Elements  of  Minerals;  with  Accounts 
of  the  Places  and  Circumstances  in  which  they  are  found.  By  William  Phillips,  F.L.S, 
M.G.S.,  &c.  4th  Edition,  considerably  augmented  by  R.  Allan,  F.R.S.E.  Svo.  numerous 
Cuts,  12s.  cloth. 

PHILLIPS.— FIGURES  AND  DESCRIPTIONS  OF  THE 

PALAEOZOIC  FOSSILS  of  CORNWALL,  DEVON,  and  WEST  SOMERSET;  observed  in 
the  course  of  the  Ordnance  Geological  Survey  of  that  District.  By  John  Phillips,  F.R.S. 
F.G.S.  &c.  Published  by  Order  of  the  Lords  Commissioners  of  ll.M.  Treasury.  8vo.  with 
60  Plates,  comprising  very  numerous  figures,  9s.  cloth. 

PHILLIPS.— A  GUIDE  TO  GEOLOGY. 

By  John  Phillips,  F.R.S. G.S.,  &c.  1  vol.  fcp.  8vo.  with  Plates,  6s.  cloth. 

PHILLIPS.— A  TREATISE  ON  GEOLOGY. 

By  John  Phillips,  F.R.S. G.S.,  &c.  2  vols.  fcp.  Svo.  with  Vignette  Titles  and  Woodcuts, 
12s.  cloth. 

POISSON.— A  TREATISE  ON  MECHANICS. 

By  S.  D.  Poisson.  2d  Edition.  Translated  from  the  French,  and  illustrated  with  Explanatory 
Notes,  by  the  Rev.  Henry  H.  Harte,  late  Fellow  of  Trinity  College,  Dublin.  2  large  vols. 
8vo.  28s.  boards. 
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PORTER. -A  TREATISE  ON  THE  MANUFACTURE  OF  SILK. 

By  G.  R.  Porter,  Esq.  F.R.S.  Author  of  “  The  Progress  of  the  Nation,”  &c.  1  vol.  Svo.  with 
Vignette  Title,  and  39  Engravings  on  Wood,  6s.  cloth. 

PORTER.— A  TREATISE  ON  THE  MANUFACTURES  OF 

PORCELAIN  AND  GLASS.  By  G.  R.  Porter,  Esq.  F.R.S.  1  vol.  fcp.  8vo.  with  Vignette 
Title  and  50  Woodcuts,  6s.  cloth. 

PORTLOCK.— REPORT  ON  THE  GEOLOGY  OF  THE  COUNTY 

of  LONDONDERRY,  and  of  Parts  of  Tyrone  and  Fermanagh,  examined  and  described  under 
the  Authority  of  the  Master-General  and  Board  of  Ordnance.  By  J.  E.  Portlock,  F.R.S. 
&c.  Svo.  with  48  Plates,  24s.  cloth. 

POSTANS. -PERSONAL  OBSERVATIONS  ON  SINDH, 

The  Manners  and  Customs  of  its  Inhabitants,  and  its  Productive  Capabilities :  with  a  Narrative 
of  the  Recent  Events.  By  Capt.  Postans,  Bombay  Army,  late  Assistant  to  the  Political 
Agent,  Sindh.  1  vol.  8vo.  with  new  Map,  coloured  Frontispiece,  and  other  Illustrations,  18s.  cloth. 

“  Capt.  Postans  writes  pleasantly,  and  is  a  firm  and  calm  recorder  of  what  he  has  seen  and  known — an  honest  and 
deliberate  reporter  of  the  conclusions  he  has  come  to  on  a  subject  that  has  points  about  which  men  are  much  divided, 
lie  has  studied  his  theme  in  its  various  branches  vigilantly  and  patiently,  and  has  bestowed  reflection  and  exemplary 
care  before  delivering  the  results  of  his  observation  and  research.  His  work,  indeed,  we  cannot  doubt,  will  become 
an  authority  upon  various  points  of  Indian  policy  even  beyond  the  interests  that  are  immediately  combined  with  the 
Sindhian  nation.” — Monthly  Review. 

POWELL.-THE  HISTORY  OF  NATURAL  PHILOSOPHY, 

From  the  Earliest  Periods  to  the  Present  Time.  By  Baden  Powell,  M.A.,  Savilian  Professor 
of  Mathematics  in  the  University  of  Oxford.  1  vol.  fcp.  8vo.  Vignette  Title,  6s.  cloth. 

PROCEEDINGS  OF  THE  ZOOLOGICAL  SOCIETY  OF  LONDON. 

8vo.  The  last  part  published  is  Part  9  for  1841,  6s.  cloth. 

REECE.— THE  MEDICAL  GUIDE, 

'  For  the  use  of  the  Clergy,  Heads  of  Families,  Seminaries,  and  Junior  Practitioners  in  Medi¬ 
cine  ;  comprising  a  complete  Modern  Dispensatory,  and  a  Practical  Treatise  on  the  Distin¬ 
guishing  Symptoms,  Causes,  Prevention,  Cure  and  Palliation,  of  the  Diseases  incident  to  the 
Human  Frame.  By  R.  Reece,  M.D.  late  Fellow  of  the  Royal  College  of  Surgeons  of  London, 
&c.  16th  Edition,  Svo.  pp.  600,  12s.  boards. 

REEVE.— C0NC1I0L0GIA  SYSTEMATICA : 

Or,  Complete  System  of  Conchology :  in  which  the  Lepades  and  Molluscaare  described  and 
classified  according  to  their  Natural  Organization  and  Habits ;  illustrated  with  300  highly 
finished  copper-plate  engravings,  by  Messrs.  Sowerby,  containing  above  1500  figures  of  Shells. 
By  L.  Reeve,  F.L.S.  &c. 

Vol.  1,  containing  the  Lepades  and  Bivalve  Mollusca,  with  130  Plates,  £3.  5s.  cloth ;  with 
coloured  Plates,  £5. 10s.  cloth. 

Vol.  2,  the  “Univalve  Mollusca,”  with  171  Plates,  £1.  9s.  cloth;  coloured,  £7.  12s.  cloth. 

REPT0N.-T1IE  LANDSCAPE  GARDENING  &  LANDSCAPE 

ARCHITECTURE  of  the  late  Humphry  Repton,  Esq.;  being  his  entire  works  on  these 
subjects.  New  Edition,  with  an  historical  and  scientific  Introduction,  a  systematic  Analysis, 
a  Biographical  Notice,  Notes,  and  a  copious  alphabetical  Index.  By  J.  C.  Loudon,  F.L.S. 
&c.  Originally  published  in  1  folio  and  3  quarto  volumes,  and  now  comprised  in  1  vol.  Svo. 
illustrated  by  upwards  of  250  Engravings,  and  Portrait,  30s.  cloth ;  with  coloured  plates, 
^6J3.  6s.  cloth. 

RICHARDSON.— GEOLOGY  FOR  BEGINNERS: 

Comprising  a  Familiar  Explanation  of  Geology,  and  its  associate  Sciences,  Mineralogy, 
Physical  Geology,  Fossil  Conchology,  Fossil  Botany,  and  Palaeontology,  including  Directions 
for  forming  Collections  and  generally  cultivating  the  Science ;  with  a  succinct  Account  of  the 
several  Geological  Formations.  By  G.  F.  Richardson,  F.G.S.  of  the  British  Museum. 
Second  Edition,  considerably  enlarged,  with  new  Frontispiece,  and  nearly  100  new  Wood 
Engravings,  fcp.  Svo.  10s.  6d.  cloth. 

“  rPhe  student  of  Geology  is  here  supplied  with  the  means  of  acquiring  the  rudiments  of  this  interesting  science. 
1  Mr.  Richardson  has  succeeded  in  simplifying  his  descriptions,  and  investing  his  explanations  with  interest,  to  an 
extent  unequalled  in  any  work  of  the  kind  with  which  we  have  had  the  good  fortune  to  meet.  He  thus  fixes  the 
attention,  and  gradually  acquires  the  confidence  of  the  student,  who  becomes  sensible  that  he  is  making  progress  in 
the  study  by  the  increasing  pleasure  which  he  feels  at  every  successive  step.  The  scientific  reputation  acquired  by 
the  author— the  facilities  afforded  by  his  official  position,  as  Curator  of  the  Geological  department  of  the  British 
Museum — and  the  rapidity  with  which  the  first  edition  of  the  work  has  been  sold,  render  any  further  recommendation 
of  the  book  unnecessary.  It  will,  we  doubt  not,  become  the  work  with  which  the  student  of  geology  will  commence. 
When  its  contents  are  understood,  they  will  materially  aid  his  progress  in  proceeding  to  master  the  arcana  of  the 
science,  which,  when  acquired,  will  amply  reward  whatever  pains  he  has  taken  in  the  acquisition  of  its  mysteries.” 

Globe,  Sept.  8,  1843. 
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RIDDLE. -A  DIAMOND  LATIN  ENGLISH  DICTIONARY. 

For  the  waistcoat-pocket.  A  Guide  to  the  Meaning,  Quality,  and  right  Accentuation  of  Latin 
Classical  Words.  By  the  Rev.  J.  E.  Riddle,  M.A.  Royal  32mo.  4s.  bound. 

“  A  most  useful  little  lexicon  to  the  general  reader  who  may  wish  for  an  accommodating  interpreter  of  such  Latin 
words  or  sentences  as  may  be  encountered  in  every  day’s  casual  literary  exercises.  It  is  at  once  copious  and 
succinct.” — Morniug  Herald. 

RIDDLE-LETTERS  FROM  AN  ABSENT  GODFATHER ; 

Or,  a  Compendium  of  Religious  Instruction  for  Young  Persons.  By  the  Rev.  J.  E.  Riddle, 
M.A.  Fcp.  8vo.  6s.  cloth. 

RIDDLE.— ECCLESIASTICAL  CHRONOLOGY; 

Or,  Annals  of  the  Christian  Church,  from  its  Foundation  to  the  present  Time.  Containing  a 
View  of  General  Church  History,  and  the  Course  of  Secular  Events ;  the  Limits  of  the 
Church  and  its  Relations  to  the  State ;  Controversies ;  Sects  and  Parties ;  Rites, 
Institutions,  and  Discipline  ;  Ecclesiastical  Writers.  The  whole  arranged  according  to  the 
order  of  Dates,  and  divided  into  Seven  Periods.  To  which  are  added,  Lists  of  Councils  and 
Popes,  Patriarchs,  and  Archbishops  of  Canterbury.  By  the  Rev.  J.  E.  Riddle,  M.A., 
Author  of  “The  Complete  Latin  Dictionary.”  1  vol.  8vo.  15s.  cloth. 

RIVERS.-TIIE  ROSE  AMATEUR’S  GUIDE : 

Containing  ample  Descriptions  of  all  the  fine  leading  Varieties  of  Roses,  regularly  classed  in 
their  respective  families;  their  History  and  Mode  of  Culture.  By  T.  Rivers,  Jun.  2d  Edi¬ 
tion,  with  Alterations  and  Additions.  1  vol.  fcp.  8vo.  6s.  cloth. 

Among  the  additions  to  the  present  Edition  will  lie  found  full  Directions  for  Raising  New  Roses  from  Seed,  by 
modes  never  before  published,  appended  to  each  Family;  with  descriptions  of  the  most  remarkable  New  Roses 
lately  introduced;  an  alphabetical  list  of  all  the  New  Roses  and  Show  Flowers. 

ROBERTS.— A  COMPREHENSIVE  VIEW  OF  THE  CULTURE 

of  the  VINE  under  GLASS.  By  James  Roberts,  Gardener  to  M.  Wilson,  Esq.  Eshton  Hall, 
Yorkshire.  12mo.  5s.  6d.  cloth. 

ROBERTS.— AN  ETYMOLOGICAL  AND  EXPLANATORY 

DICTIONARY  of  the  Terms  and  Language  of  GEOLOGY;  designed  for  the  early  Student, 
and  those  who  have  not  made  great  progress  in  the  Science.  By  G.  Roberts.  Fcp.  6s.  cloth. 

ROBINSON.— GREEK  AND  ENGLISH  LEXICON  TO  THE 

NEW  TESTAMENT.  By  E.  Robinson,  D.D.  Author  of  “Biblical  Researches.”  Edited, 
with  careful  revision,  corrections,  &c.  by  the  Rev.  Dr.  Bloomfield.  1  vol.  8vo.  18s.  cloth. 

ROGERS.-TIIE  VEGETABLE  CULTIVATOR ; 

Containing  a  plain  and  accurate  Description  of  all  the  different  Species  of  Culinary  Vegetables, 
with  the  most  approved  Method  of  Cultivating  them  by  Natural  and  Artificial  Means,  and 
the  best  Modes  of  Cooking  them  ;  alphabetically  arranged.  Together  with  a  Description  of 
the  Physical  Herbs  in  General  Use.  Also,  some  Recollections  of  the  Life  of  Pn  ili p  Miller, 
F.A.S.,  Gardener  to  the  Worshipful  Company  of  Apothecaries  at  Chelsea.  By  John  Rogers, 
Author  of  “  The  Fruit  Cultivator.”  Fcp.  8vo.  7s.  cloth. 

ROME.— THE  HISTORY  OF  ROME. 

2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

RONALDS.— THE  FLY-FISHEll’S  ENTOMOLOGY, 

Illustrated  by  Coloured  Representations  of  the  Natural  and  Artificial  Insect ;  and  accompanied 
by  a  few  Observations  and  Instructions  relative  to  Trout  and  Grayling  Fishing.  By  Alfred 
Ronalds.  2d  Edition,  with  20  Copperplates,  coloured,  8vo.  14s.  cloth. 

R0SC0E.— LIVES  OF  EMINENT  BRITISH  LAWYERS. 

By  Henry  Roscoe,  Esq.  1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth. 

SANDFORD.— LIVES  OF  ENGLISH  FEMALE  WORTHIES. 

By  Mrs.  John  Sandford.  Vol  1,  containing  the  Lives  of  Lady  Jane  Grey  and  Mrs.  Colonel 
Hutchinson,  fcp.  8vo.  6s.  6d.  cloth. 
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SANDFORD.-WOMAN  IN  HER  SOCIAL  AND  DOMESTIC 

CHARACTER.  By  Mrs.  John  Sandford.  6th  Edition,  fcp.  8vo.  6s.  cloth. 

Causes  of  Female  Influence;  Value  of  Letters  to  Woman  ;  Importance  of  Religion  to  Woman  ; 
Christianity  the  Source  of  Female  Excellence ;  Scripture  illustrative  of  Female  Character ; 
Female  Influence  on  Religion ;  Female  Defects;  Female  Romance ;  Female  Education  ;  Female 
Duties. 

SANDFORD.— FEMALE  IMPROVEMENT. 

By  Mrs.  John  Sandford.  2d  Edition,  fcp.  8vo.  7s.  6d.  cloth. 

The  Formation  of  Female  Character ;  Religion  a  paramount  Object ;  the  Importance  of  Religious 
Knowledge;  Christianity,  Doctrinal  and  Practical ;  the  Employment  of  Time ;  Study,  its  Mode 
and  its  Recommendation;  Accomplishment;  Temper;  Taste;  Benevolence;  Marriage;  the 
Young  Wife;  the  Young  Mother. 

SAVAGE.— A  DICTIONARY  OF  PRINTING.  | 

By  William  Savage,  Author  of  “  Practical  Hints  on  Decorative  Printing,”  and  a  Treatise 
“  On  the  Preparation  of  Printing  Ink,  both  Black  and  Coloured.”  In  I  vol.  8vo.  with  numerous 
Diagrams,  6s.  cloth. 

SCOTT.— THE  HISTORY  OF  SCOTLAND. 

By  Sir  Walter  Scott,  Bart.  New  edition.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth.  j 

I  SEAWARD- SIR  EDWARD  SEAWARD’S  NARRATIVE  OF 

HIS  SHIPWRECK,  and  consequent  Discovery  of  certain  Islands  in  the  Caribbean  Sea :  with  j 
a  detail  of  many  extraordinary  and  highly  interesting  Events  in  his  Life,  from  1733  to  1749,  as 
written  in  his  own  Diary.  Edited  by  Miss  Jane  Porter.  3d  Edition,  with  a  New  Nautical 
and  Geographical  Introduction,  containing  Extracts  from  a  Paper  by  Mr.  C.  F.  Collett,  of  the 
Royal  Navy,  identifying  the  islands  described  by  Sir  E.  Seaward.  2  vols.  post  8vo.  21s.  cloth. 

SELECT  WORKS  OF  THE  BRITISH  POETS,  i 

From  Chaucer  to  Withers.  With  Biographical  Sketches,  by  R.  Southey,  LL.D.  1  vol.  8vo.  I 
30s.  cloth ;  with  gilt  edges,  31s.  6d. 

!  SELECT  WORKS  OF  THE  BRITISH  POETS, 

From  Ben  Jonson  to  Beattie.  With  Biographical  and  Critical  Prefaces,  by  Dr.  Aikin. 

1  vol.  8vo.  18s.  cloth  ;  with  gilt  edges,  20s. 

'  The  peculiar  feature  of  these  two  works  is,  that  the  Poems  included  are  printed  entire,  without  mutilation  or 
abridgment ;  care  being  taken  that  such  poems  only  are  included  as  are  fit  for  the  perusal  of  youth,  or  for  reading 
aloud. 

!  SIIAKSPEARE,  BY  BOWDLER. 

THE  FAMILY  SHAKSPEARE;  in  which  nothing  is  added  to  the  Original  Text ;  but  those 
words  and  expressions  are  omitted  which  cannot  with  propriety  be  read  aloud.  By  T  Bowdler, 

Esq.  F.R.S.  Seventh  Edition  (1839),  1  large  vol.  8vo.  with  36  Illustrations  after  Smirke,  &c. 

30s.  cloth  ;  or  31s.  6d.  gilt  edges. 

***  A  Library  Edition,  without  Illustrations,  8  vols.  8vo.  ^4.  14s.  6d.  boards. 

SHELLEY,  &c.— LIVES  OF  THE  MOST  EMINENT  LITERARY  ! 

MEN  OF  ITALY,  SPAIN,  and  PORTUGAL.  By  Mrs.  Shelley,  Sir  D.  Brewster, 

J.  Montgomery,  &c.  3  vols.  fcp.  8vo.  with  Vignette  Titles,  18s.  cloth. 

SHELLEY.— LIVES  OF  MOST  EMINENT  FRENCH  WRITERS,  i 

By  Mrs.  Shelley,  and  others.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

SHORT  WHIST : 

Its  Rise,  Progress,  and  Laws  ;  with  observations  to  make  any  one  a  Whist  Player ;  containing 
also  the  Laws  of  Piquet,  Cassino,  Ecart^,  Cribbage,  Backgammon.  By  Major  a  *  *  *  *  *. 

7th  Edition.  To  which  are  added,  Precepts  for  Tyros.  By  Mrs.  B  *  *  *  *  *.  Fcp.  8vo.  3s.  j 
cloth,  gilt  edges. 

SISMONDI.— THE  HISTORY  OF  THE  ITALIAN  REPUBLICS ;  j 

Or,  of  the  Origin,  Progress,  and  Fall  of  Freedom  in  Italy,  from  a.d.  476  to  1805.  By  J.  C.  L.  , 
De  Sismondi.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 
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SISMONDL— THE  HISTORY  OE  THE  EALL  OF  THE  ROMAN  i 

EMPIRE.  Comprising  a  View  of  the  Invasion  and  Settlement  of  the  Barbarians.  By  J.  C  L. 
De  Sismondi.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

SMITH.-AN  INTRODUCTION  TO  THE  STUDY  OF  BOTANY,  j 

By  Sir  J.  E.  Smith,  late  President  of  the  Linnean  Society.  7th  Edition  (1833),  corrected  ;  in 
which  the  object  of  Smith’s  “  Grammar  of  Botany”  is  combined  with  that  of  the  “  Introduc¬ 
tion.”  By  Sir  William  Jackson  Hooker,  K.H.,  LL.D.,  &c.  1  vol.  8vo.  pp.  522,  36  Steel 

Plates,  16s.  cloth ;  with  the  Plates  coloured,  £2.  12s.  6d.  cloth. 

SMITH.— THE  ENGLISH  FLORA. 

By  Sir  James  Edward  Smith,  M.D.  F.R.S.,  late  President  of  the  Linnaean  Society,  &c. 

6  vols.  8vo.  £Z.  12s.  boards. 

Contents  : — Vols.  I.  to  IV.  the  Flowering  Plants  and  the  Ferns,  £2.  8s. 

Vol.  V.  Part  1,  12s. — Cryptogamia;  comprising  the  Mosses,  Hepatic*,  Lichens,  Charace®, 
and  Algae.  By  Sir  W.  J.  Hooker. 

Vol.  V.  Part  2,  12s.—' The  Fungi — completing  the  work,  by  Sir  J.  W.  Hooker,  and  the  Rev. 

M.  J.  Berkeley,  F.L.S.  &c. 


SMITH.— THE  WORKS  OF  THE  REV.  SYDNEY  SMITH. 

2d  Edition,  3  vols.  8vo.  with  Portrait,  pp.  1412,  36s.  cloth. 

This  collection  consists  of  the  author’s  contributions  to  the  Edinburgh  Review,  Peter  Plvmley’s  Letters  on  the 
Catholics,  and  other  miscellaneous  works. 

SMITH-LETTERS  ON  THE  SUBJECT  OF  THE  CATHOLICS, 

to  my  Brother  Abraham  who  lives  in  the  Country.  By  Peter  Plymley.  21st  Edition, 
post  8vo.  pp.  200,  7s.  cloth. 

SMITH.— THE  MEMOIRS  OF  THE  MARQUIS  DE  POMBAL. 

By  John  Smith,  Private  Secretary  to  the  Marquis  De  Saldana.  2  vols.  post  8vo.  with  Portrait 
and  Autographa,  21s.  cloth. 

These  Memoirs  of  this  illustrious  Portuguese  Statesman,  designated  by  his  countrymen  the  “  CitEAT  Marquis,” 
contain  details  of  the  terrible  earthquake  in  1755 — the  energy  of  Pombal  on  that  awful  occasion — Uie  establishment 
of  the  Oporto  Wine  Company — the  Duke  of  Aveiro’s  conspiracy — rupture  with  the  Court  of  Rome — strange  hallucina- 
tionsof  theJesuit  Malagrida — suppression  of  the  Jesuit  order  throughout  Europe  effected  by  Pombal’s  energy  and 

address — family  compact  and  war  with  France  and  Spain — extensive  reforms  and  flourishing  condition  of  Portugal _ 

death  of  the  king — Pombal’s  resignation,  examination,  sentence,  illness,  and  death.  The  whole  interspersed- with 
extracts  from  the' despatches  of  Mr.  Hay,  Lord  Kinnoull,  Mr.  Walpole,  &c.  never  before  published. 

SMITH.— AN  INQUIRY  INTO  TILE  NATURE  AND  CAUSES 

OF  THE  WEALTH  OF  NATIONS.  By  Adam  Smith,  LL.D.  With  a  Life  of  the  Author, 
an  Introductory  Discourse,  Notes,  and  Supplemental  Dissertations.  By  J.  R.  M'Culloch. 
New  Edition,  corrected  throughout,  and  greatly  enlarged,  8vo.  with  Portrait,  £1.  is.  cloth. 

SOUTHEY’S  (ROBERT)  POETICAL  WORKS. 

First  and  only  Complete  Edition  (1838-42).  Collected  and  edited  by  Mr.  Southey.  With 
Autobiographical  Prefaces.  10  Vols.  fcp.  8yo.  with  Portrait,  and  19  other  highly-finished 
Plates,  £2.  10s.  fancy  cloth;  or  £\.  10s.  handsomely  bound  in  morocco,  with  gilt  edges. 

The  following  may  be  had,  separately,  in  cloth  :  — 


JOAN  of  ARC . 1  vol.  5s. 

MADOC . 1  vol.  5s. 

CURSE  of  KEHAMA  . 1  vol.  5s. 


THALABA . 1vol.  5s. 

BALLADS,  &c . 2  vols.  10s. 

RODERICK . i  vol.  5s. 


SOUTHEY,  &c. -LIVES  OF  THE  BRITISH  ADMIRALS; 

with  an  Introductory  View  of  the  Naval  History  of  England.  By  R.  Southey,  Esq.  and 
R.  Bell,  Esq.  5  vols.  fcp.  8vo.  with  Vignette  Titles,  £1.  10s.  cloth. 

SPACEMAN.— STATISTICAL  TABLES 

Of  the  Agriculture,  Shipping,  Colonies,  Manufactures,  Commerce,  and  Population  of  the 
United  Kingdom  of  Great  Britain  and  its  Dependencies,  brought  down  to  the  year  1843. 
Compiled  from  Official  Returns.  By  W.  F.  Spaceman,  Esq.  Fcp.  8vo.  pp.  162,  5s.  cloth. 

SPIRIT  OF  THE  WOODS. 

By  the  Author  of  “  The  Moral  of  Flowers.”  2d  Edition,  1  vol.  royal  8vo.  with  23  beautifully- 
coloured  Engravings  of  the  Forest  Trees  of  Great  Britain,  £1.  11s.  6d.  cloth. 


SPOONER— A  TREATISE  ON  THE  INFLUENZA  OF  HORSES. 

Showing  its  Nature,  Symptoms,  Causes,  and  Treatment;  embracing  the  subject  of  Epizooti 
Disease  generally.  By  W.  C.  Spooner,  M.R.V.C.  12mo.  pp.  118,  3s.  6d.  cloth. 

SPOONER.— A  TREATISE  ON  THE  STRUCTURE,  FUNC- 

TIONS,  AND  DISEASES  of  the  FOOT  and  LEG  of  the  HORSE;  comprehending  the 
Comparative  Anatomy  of  these  parts  in  other  Animals,  embracing  the  subject  of  Shoeing  and 
the  proper  Treatment  of  the  Foot;  with  the  Rationale  and  Effects  of  various  Important 
Operations,  and  the  best  methods  of  performing  them.  By  W.  C.  Spooner,  M.R.V.C. 
12mo.  pp.  398,  7s.  6d.  cloth. 

STEBBING.— THE  HISTORY  OF  THE  CHRISTIAN  CHURCH, 

from  its  Foundation  to  a.d.  1492.  By  the  Rev.  H.  Stebbing,  M.A.  &c.  2  vols.  fcp.  8vo. 

with  Vignette  Titles,  12s.  cloth. 

STEBBING.— THE  HISTORY  OF  THE  REFORMATION. 

By  the  Rev.  H.  Stebbing.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

STEPHENS.-A  MANUAL  OF  BRITISH  COLEOPTERA; 

or,  BEETLES :  containing  a  Description  of  all  the  Species  of  Beetles  hitherto  ascertained  to 
inhabit  Great  Britain  and  Ireland,  & c.  With  a  Complete  Index  of  the  Genera.  By  J.  F. 
Stephens,  F.L.S.  Author  of  “  Illustrations  of  Entomology.”  1  vol.  post  8vo.  14s.  cloth. 

STEEL’S  SHIPMASTER’S  ASSISTANT, 

And  OWNER’S  MANUAL ;  containing  Information  necessary  for  persons  connected  with 
Mercantile  Affairs ;  consisting  of  the  Regulation  Acts  of  the  Customs  for  the  United  King¬ 
dom,  and  British  Possessions  abroad  ;  Navigation  Laws  ;  Registry  Acts  ;  Duties  of  Customs 
of  the  United  Kingdom,  the  British  Plantations  in  America,  Canada,  and  Isle  of  Man,  in  the 
East  Indies,  Cape  of  Good  Hope,  New  South  Wales,  and  Van  Dieman’s  Land  ;  Smuggling 
Acts  ;  Pilotage  throughout  England  and  Scotland ;  Insurances  ;  Commercial  Treaties  ;  Dock 
Charges  on  Shipping,  &r.  New  Edition,  corrected  by  J.  Stikeman,  Secretary  to  the  East 
India  and  China  Association.  With  Tables  of  Monies,  Weights,  Measures,  and  Exchanges. 
By  Dr.  Kelly.  With  a  Supplement.  1  vol.  8vo.  £\.  Is.  cloth. 

STRONG.— GREECE  AS  A  KINGDOM : 

A  Statistical  Description  of  that  Country— its  Laws,  Commerce,  Resources,  Public  Institutions, 
Army,  Navy,  &c.— from  the  arrival  of  King  Otho,  in  1833,  down  to  the  present  time.  From 
Official  Documents  and  Authentic  Sources.  By  Frederick  Strong,  Esq.  Consul  at  Athens 
for  the  Kingdoms  of  Bavaria  and  Hanover.  8vo.  15s.  cloth. 

SUNDAY  LIBRARY : 

Containing  nearly  One  Hundred  Sermons  by  the  following  eminent  Divines.  With  Notes,  &c. 
by  the  Rev.  T.  F.  Dibdin,  D.D.  6  vols.  fcp.  8vo.  with  Six  Portraits,  30s.  cloth. 

Archbp.  Lawrence 
“  Seeker 
Bp.  Bloomfield 
“  Gray 
“  Heber 
“  Hobart 
“  Home 
“  Horsley 

SWAINSON.-A  PRELIMINARY  DISCOURSE  ON  THE 

STUDY  OF  NATURAL  HISTORY.  By  W.  Swainson,  Esq.  1  vol.  fcp.  8vo.  6s.  cloth. 

SWAINSON.-A  TREATISE  ON  THE  NATURAL  HISTORY 

AND  CLASSIFICATION  of  ANIMALS.  By  W.  Swainson,  Esq.  I  vol.  fcp.  8vo.  6s. 
cloth  lettered. 

SWAINSON.— NATURAL  HISTORY  AND  CLASSIFICATION 

OF  QUADRUPEDS.  By  W.  Swainson,  Esq.  1  vol.  fcp.  8vo.  with  vignette  title  and  176 
Woodcuts,  6s.  cloth. 

SWAINSON.— NATURAL  HISTORY  AND  CLASSIFICATION 

OF  BIRDS.  By  W.  Swainson,  Esq.  Fcp.  8vo.  Vignette  Titles  and  above  300  Woodcuts, 
12s.  cloth. 


Bp.  Huntingford 

Archdeacon  Nares 

Professor  White 

Rev 

W.  Jones  (of  Nayland) 

“  Maltby 

“  Pott 

Rev.  Arch.  Alison 

(( 

C.  W.  Le  Bas 

“  Mant 

Dr.  Blair 

U 

C.  Benson 

(( 

H.  H.  Milman 

“  Newton 

“  Chalmers 

iC 

Joshua  Gilpin 

iC 

R.  Morehead 

“  Porteus 

“  D’Oyly 

u 

G.  Haggitt 

(C 

Thomas  Rennell 

“  ,T.  B.  Sumner 

“  Paley 

cc 

Robert  Hall 

u 

J.  H.  Spry 

“  Van  Mildert 

“  Parr 

(( 

J.  Hewlett 

(C 

Sydney  Smith 

Dean  Chandler 

“  Shuttleworth 

u 

A.  Irvine 

a 

Thomas  Townson. 
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SWAINSON- ANIMALS  IN  MENAGERIES. 

By  W.  Swain  sox,  Esq.  Fcp.8vo.  Vignette  Title  and  numerous  Woodcuts,  6s.  cloth  lettered. 

SWAINSON.— NATURAL  HISTORY  AND  CLASSIFICATION 

OF  FISH,  AMPHIBIANS,  AND  REPTILES.  By  W.  Swainson,  Esq.  2  vols.  fcp.  8vo. 
with  numerous  Woodcuts  and  Vignette  Titles,  12s.  cloth. 

SWAINSON.— HABITS  AND  INSTINCTS  OF  ANIMALS. 

By  W.  Swainson,  Esq.  1  vol.  fcp.  Svo.  with  Vignette  and  numerous  Woodcuts,  6s.  cloth. 


SWAINSON.-A  TREATISE  ON  MALACOLOGY; 

Or,  the  Natural  Classification  of  Shells  and  Shell-fish.  By  W.  Swainson,  Esq.  1  vol.  fcp. 
8vo.  with  Vignette  Title  and  very  numerous  Illustrations  on  Wood,  6s.  cloth. 

SWAINSON  AND  SHUCKARD.— HISTORY  AND  NATURAL 

ARRANGEMENT  OF  INSECTS.  By  W.  Swainson,  Esq.,  and  W.  E.  Siiuckard,  Esq. 
1  vol.  fcp.  8vo.  with  Vignette  Title  and  Woodcuts,  6s.  cloth. 


SWITZERLAND.— THE  HISTORY  OF  SWITZERLAND. 

1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth. 

TATE.-TIIE  CONTINUOUS  HISTORY  OF  THE  LIFE  AND 

WRITINGS  OF  ST.  PAUL,  on  the  basis  of  the  Acts;  with  Intercalary  Matter  of  Sacred 
Narrative,  supplied  from  the  Epistles,  and  elucidated  in  occasional  Dissertations:  with  the 
Flora  Paulinae  of  Dr.  Paley,  in  a  more  correct  edition,  subjoined.  By  James  Tate,  MA. 
Canon  Residentiary  of  St.  Paul’s.  8vo.  with  Map,  13s.  cloth. 

TATE.— HORATIUS  RESTITUTUS; 

Or,  the  Books  of  Horace  arranged  in  Chronological  Order,  according  to  the  Scheme  of  Dr. 
Bentley,  from  the  Text  of  Gesner,  corrected  and  improved.  With  a  Preliminary  Dissertation, 
very  much  enlarged,  on  the  Chronology  of  the  Works,  on  the  Localities,  and  on  the  Life  and 
Character  of  that  Poet.  By  James  Tate,  M. A.  Second  Edition.  To  which  is  now  added, 
an  original  Treatise  on  the  Metres  of  Horace.  8vo.  12s.  cloth. 

TAXIDERMY ; 

Or,  the  Art  of  Collecting,  Preparing,  and  Mounting  Objects  of  Natural  History.  For  the 
use  of  Museums  and  Travellers.  With  5  Plates,  5th  Edition,  12mo.  7s.  6d.  cloth. 


TAYLOR  -THE  STATESMAN . 

By  Henry  Taylor,  Esq.,  Author  of  “Philip  Van  Artevelde.” 


12mo.  6s.  6d.  boards. 


THACKER— THE  COURSER’S  ANNUAL  REMEMBRANCER, 

and  STUD-BOOK  ;  being  an  Alphabetical  Return  of  the  Running  at  all  the  Public  Coursing 
Clubs  in  England,  Ireland,  and  Scotland,  for  the  Season  1811-42  ;  with  the  Pedigrees  (as  far 
as  received)  of  the  Dogs  that  won,  and  the  Dogs  that  ran  up  second  for  each  Prize;  also,  a 
Return  of  all  single  Matches  run  at  those  Meetings  ;  with  a  Preliminary  Essay  on  the  Decision 
of  Short  Courses.  By  T.  Thacker.  8vo.  10s.  cloth. 

THACKER— A  POCKET  COMPENDIUM  OF  COURSING 

RULES  AND  BYE-LAWS,  for  Use  in  the  Field.  By  Thomas  Thacker.  Is.  Gd.  sewed. 


THIRL  WALL.— THE  HISTORY  OF  GREECE. 

By  the  Right  Rev.  the  Lord  Bishop  of  St.  David’s.  Vols.  1  to  7,  fcp.  Svo.  with  Vignette 
Titles,  J&2.  2s.  cloth. 

TII0MS0N.-THE  DOMESTIC  MANAGEMENT  OF  THE  SICK 

ROOM,  necessary,  in  Aid  of  Medical  Treatment,  for  the  Cure  of  Diseases.  By  Anthony 
Todd  Thomson,  M.l).  F.L.S.  &c.  1  vol.  post  8vo.  pp.  518,  10s.  Gd.  cloth. 

THOMSON.-CHEMISTRY  OF  ANIMAL  BODIES. 

By  Thomas  Thomson,  M.D.  Regius  Professor  of  Chemistry  in  the  University  of  Glasgow. 
8vo.  16s.  cloth. 
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THOMSON’S  SEASONS. 

Edited  by  Bolton  Corney,  Esq.  Illustrated  with  Seventy-seven  Designs  drawn  on  Wood, 
by  the  following  Members  of  the  Etching  Club 

J.  Bell,  Sculptor,  J.  C.  Horsley,  Frank  Stone,  H.  J.  Townsend, 

C.  W.  Cope,  J.P.  Knight,  C.  Stonhouse,  T.  Webster,  A.R. A. 

Thomas  Creswick,  R.  Redgrave,  A.R. A.  F.  Tayler, 

Engraved  by  Thompson  and  other  eminent  Engravers. 

Handsomely  printed  in  square  crown  8vo.  (1842),  pp.  336,  21s.  richly  bound  in  ultra-marine 
cloth  ;  in  morocco  in  the  best  manner  by  Hayday,  36s. 

***  A  few  copies  printed  on  prepared  paper  of  great  beauty,  forming  a  most  unique  book, 
£2.  2s.  in  ultra-marine  cloth;  in  morocco  in  the  best  manner  by  Hayday,  £2.  17s. ;  or  in 
Russia,  £3. 

“  Few  works  of  the  class  have  a  fairer  prospect  of  popularity  than  this  new  edition  of  Thomson,  illustrated  by  the 
members  of  the  Etching  Club.  Most  of  the  designs  are  in  accordance  with  the  spirit  of  the  author,— some  of  them 
beautiful.  The  landscape  vignettes  contributed  by  Mr.  Creswick  entitle  him  to  a  first  place  as  a  book-illustrator  ; 
exhibiting  a  versatility  of  talent  for  which  his  warmest  admirers  could  hitherto  have  hardly  ventured  to  give  him 
credit.  Mr.  F  1  ayleb.  is  not  far  behind,  as  his  designs  at  pp.  11,  12,  and  26,  will  most  satisfactorily  prove  ;  and  he 
comes  one  step  nearer  historical  art  than  Mr.  Creswick,  in  right  of  his  clever  management  of  rustic  figures.  Messrs. 
C  ote,  Horsley,  Redgrave,  and  Bell,  with  all  their  true  English  feeling,  and  the  grace  of  their  conceptions,  are  a 
degree  more  ambitious.  Mr.  Bell’s  preparatory  outline  of  ‘  Spring  ’  gives  indications  of  grace,  poetry,  and  fancy, 
worthy  of  being  carried  to  the  highest  periection.  This  book  is  beautifully  brought  out ;  the  vignettes  are  from 
copper  blocks,  produced  by  the  electrotype  process.  This  gives  a  peculiarity  of  effect  to  the  impressions  more  easy  to 
perceive  than  to  describe.  Other  of  our  classical  poems  are  to  follow,  illustrated  in  a  similar  fashion.  Mr.  Bolton 
Cornet’s  labours  are  not  the  less  to  be  commended  because  they  are  unobtrusive  :  the  work  is  extremely  well  edited, 
and  therefore  entitled  to  a  place  on  the  library  shelf  as  well  as  on  the  drawing-room  table.” — Athen^um. 

TOMLINS.-A  POPULAR  LAW  DICTIONARY ; 

Familiarly  explaining  the  Terms  and  Nature  of  English  Law ;  adapted  to  the  comprehension 
of  persons  not  educated  for  the  legal  profession,  and  affording  information  peculiarly  useful 
to  Magistrates,  Merchants,  Parochial  Officers,  and  others.  By  Thomas  Edlyne  Tomlins, 
Attorney  and  Solicitor.  In  1  thick  vol.  post  8vo.  18s.  cloth. 

The  whole  work  has  been  revised  by  a  Barrister. 

T00KE.-A  HISTORY  OF  PRICES  ; 

With  reference  to  the  Causes  of  their  principal  Variations,  from  1792  to  the  Present  Time. 
Preceded  by  a  Sketch  of  the  History  of  the  Corn  Trade  in  the  last  Two  Centuries.  By  Thomas 
Tooke,  Esq.  F.R.S.  2  vols.  Svo.  £ 1 .  16s.  cloth. 

(A  Continuation  of  the  Above.) 

AN  ACCOUNT  of  PRICES  and  of  the  State  of  the  CIRCULATION  in  1838  and  1839  ;  with 
Remarks  on  the  Corn  Laws,  and  on  proposed  Alterations  in  our  Banking  System.  Svo.  12s.  cloth. 

TRANSACTIONS  OF  THE  ENTOMOLOGICAL  SOCIETY. 

8vo.  The  last  part  published  is  Part  3  of  Vol.  3,  with  Plates,  4s.  6d. 

TRANSACTIONS  OF  THE  ZOOLOGICAL  SOCIETY  OF 

LONDON.  4to.  The  last  part  published  is  Part  1,  Vol.  3,  with  Plates,  14s.  coloured, 
and  12s.  plain. 

TRANSACTIONS  OF  THE  INSTITUTION  OF  CIVIL 

Engineers,  4to.  Vol.  II.  with  Twenty-three  finely  engraved  Plates,  28s.  cloth. 

Vol.  III.  with  Nineteen  finely  engraved  Plates,  £2.  12s.  6d.  cloth. 

TRANSACTIONS  OF  THE  ROYAL  INSTITUTE  OF  BRITISH 

ARCHITECTS  of  LONDON  :  consisting  of  a  series  of  Papers  on  “  Antiquities,”  and  “  Con¬ 
struction.”  By  R.  Willis,  M.A.  F.R.S.  &c. ;  Ambrose  Poynter;  Herr  Hallmann,  of  Han¬ 
over;  Dr.  Faraday;  Mr.  Bracebridge;  Herr  Beuth,  of  Berlin;  Joseph  Gwilt,  F.S.A.  F.A.S. ; 
Mr.  C.  H.  Smith  ;  Mr.  C.  Fowler,  Hon.  Sec. ;  Mr.  W.  A.  Nicholson,  of  Lincoln  ;  and  Mr.  J.  P. 
Papworth.  Vol.  I.  Part  2,  4to.  with  numerous  lithographic  and  woodcut  illustrations,  24s.  cloth. 

***  Part  1,  Vol.  I.  uniform  with  the  above,  16s.  cloth. 

TRANSACTIONS  OF  THE  LINNEAN  SOCIETY  OF  LONDON. 

The  last  part  published  is  Part  1,  Vol.  XIX.  4to.  with  Plates,  18s. 

TURNER.— THE  SACRED  HISTORY  OF  THE  WORLD, 

Philosophically  considered.  By  Sharon  Turner,  F.S.A.  R.A.S.L.  New  Edit.  3  vols.  Svo.  42s. 

Vol.  1  considers  the  Creation  and  System  of  the  Earth,  and  of  its  Vegetable  and  Animal  Races 
and  Material  Laws,  and  Formation  of  Mankind. 

Vol.  2,  the  Divine  Economy  in  its  special  Relation  to  Mankind,  and  in  the  Deluge,  and  the 
History  of  Human  Affairs  ; 

Vol.  3,  the  Provisions  for  the  Perpetuation  and  Support  of  the  Human  Race,  the  Divine  System 
of  our  Social  Combinations,  and  the  Supernatural  History  of  the  World. 
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TURNER.— THE  HISTORY  OF  ENGLAND, 

From  the  Earliest  Period  to  the  Death  of  Elizabeth.  By  Sharon  Turner,  Esq.  F.A.S. 
R.A.S.L.  12  vols.  8vo.  £8.  3s.  cloth. 

Or  four  separate  portions,  as  follow  : — 

THE  HISTORY  of  the  ANGLO-SAXONS;  comprising1  the  History  of  England  from  the 
Earliest  Period  to  the  Norman  Conquest.  6th  Edition,  3  vols.  8vo.  £2.  5s.  boards. 

THE  HISTORY  of  ENGLAND  during  the  MIDDLE  AGES;  comprising  the  Reigns  from 
William  the  Conqueror  to  the  Accession  of  Henry  VIII.,  and  also  the  History  of  the  Litera¬ 
ture,  Religion,  Poetry,  and  Progress  of  the  Reformation  and  of  the  Language  during  that 
period.  3d  Edition,  5  vols.  8vo.  £2,  boards. 

THE  HISTORY  of  the  REIGN  of  HENRY  VIII.;  comprising  the  Political  History  of  the 
commencement  of  the  English  Reformation:  being  the  First  Part  of  the  Modern  History  of 
England.  3d  Edition,  2  vols.  8vo.  26s.  bds. 

THE  HISTORY  of  the  REIGNS  of  EDWARD  VI.,  MARY,  and  ELIZABETH;  being  the 
Second  Part  of  the  Modern  History  of  England.  3d  Edition,  2  vols.  8vo.  32s.  boards. 

TURNER.— A  TREATISE  ON  THE  FOOT  OF  THE  HORSE, 

And  a  New  System  of  Shoeing,  by  one-sided  nailing ;  and  on  the  Nature,  Origin,  and  Symptoms 
of  the  Navicular  Joint  Lameness,  with  Preventive  and  Curative  Treatment.  By  James 
Turner,  M.R.V.C.  Royal  8vo.  pp.  118,  7s.  6d.  boards. 

TURTON’S  (DR.)  MANUAL  OF  THE  LAND  AND  FRESH- 

WATER  SHELLS  of  the  BRITISH  ISLANDS.  A  New  Edition,  thoroughly  revised  and  with 
considerable  Additions.  By  John  Edward  Gray,  Keeper  of  the  Zoological  Collection  in 
the  British  Museum.  1  vol.  post  8vo.  with  Woodcuts,  and  12  Coloured  Plates,  15s.  cloth. 

URE.— DICTIONARY  OF  ARTS,  MANUFACTURES,  &  MINES ; 

Containing  a  clear  Exposition  of  their  Principles  and  Practice.  By  Andrew  Ure,  M.D. 
F.R.S.  M.G.S.  &c.  One  thick  vol.  8vo.  A  New  Edition  is  just  ready. 

WALKER.— BRITISH  ATLAS  OF  FORTY-SEVEN  MATS, 

CAREFULLY  COLOURED;  comprising  separate  Maps  of  every  County  in  England,  each 
Riding  in  Yorkshire,  and  North  and  South  Wales;  showing  the  Roads,  Railways,  Canals, 
Parks,  Boundaries  of  Boroughs,  Places  of  Election,  Polling  Places,  & c.  Compiled  from  the 
Maps  of  the  Board  of  Ordnance  and  other  Trigonometrical  Surveys.  By  J.  and  C.  Walker. 
Imperial  4to.  coloured,  Three  Guineas,  half-bound  ;  large  paper,  Four  Guineas,  half-bound. 

***  Each  County  may  be  had  separately,  in  case,  2s.  6d. 

WALTZING. -REFORM  YOUR  WALTZING.  TIIE  TRUE 

THEORY  of  the  RHENISH  or  SPANISH  WALTZ,  and  of  the  German  Waltz,  d  Deux  Temps, 
analysed  and  explained  for  the  first  time.  By  An  Amateur.  Fcp.  8vo.  uniform  with  “  Hints 
on  Etiquette,”  price  Half-a-Crown. 

The  Figure  of  8  in  both  these  Waltzes  on  an  entirely  new  principle. 

Waltzing  is  the  art  of  a  gentleman,  and  never  yet  was  taught  or  understood  by  a  dancing-master. 

“  The  author  of  these  amusing  hints  eannot  be  a  more  enthusiastic  admirer  of  waltzing  than  we  are.  It.  was  a 
source  of  enjoyment  to  us  in  the  land  of  its  legitimate  home  for  many  a  year  in  the  days  of  yore  ;  but, 1  h£las,ils  sont 
passees  ces  jours  de  fete  !'  we  are  now  too  old  and  rheumatic  to  be  able  to  indulge  in  such  pastimes.  Those  of  our 
readers,  however,  who  are  younger  and  more  active  than  ourselves,  and  who  wish  to  know  what  real  waltzing  actually 
means,  cannot  do  better  than  benefit  by  the  system  laid  down  and  recommended  for  adoption  by  ‘  An  Amateur,’ 
whose  remarks  are  well  calculated  to  prove  serviceable  to  the  uninitiated.” — United  Sliivice  Gazette. 

WARDLAW.— SERMONS, 

By  Dr.  Wardlaw.  8vo.  12s.  boards. 

WARDLAW.— DISCOURSES  ON  THE  PRINCIPAL  POINTS 

OF  THE  SOCINIAN  CONTROVERSY — the  Unity  of  God,  and  the  Trinity  of  Persons  in  the 
Godhead  ;  the  Supreme  Divinity  of  Jesus  Christ ;  the  Doctrine  of  the  Atonement ;  the  Christian 
Character,  &c.  By  Ralph  Wardlaw,  D.D.  5th  Edition,  8vo.  15s.  cloth. 

WATERTON.-ESSAYS  ON  NATURAL  HISTORY, 

Chiefly  Ornithology.  By  Charles  Waterton,  Esq.,  Author  of  “  Wanderings  in  South 
America.”  With  an  Autobiography  of  the  Author,  and  a  view  of  Walton  Hall.  Third 
Edition,  fcp.  8vo.  8s.  cloth. 
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WATHEN.— ARTS,  ANTIQUITIES,  ANI)  CHRONOLOGY  OF 

ANCIENT  EGYPT,  from  Personal  Observations.  By  G.  H.  Wathen,  Architect.  With 
Illustrations  from  Original  Sketches  by  the  Author.  Royal  8vo.  with  Plates  and  Woodcuts, 

16s.  cloth. 

“  A  clever  and  lively  contribution  to  the  chronology  and  arts  of  ancient  Egypt,  the  result  of  a  professional  visit  to 
her  land,  made  by  an  enthusiastic  student  of  her  history  well  qualified  to  explore  her  remains.” — Spectator. 

WESTWOOD.— INTRODUCTION  TO  THE  MODERN  CLASSI- 

FICATION  OF  INSECTS  ;  comprising  an  Account  of  the  Habits  and  Transformations  of  the 
different  Families  ;  a  Synopsis  of  all  the  British,  and  a  Notice  of  the  more  remarkable  Foreign 
Genera.  By  J.  O.  Westwood,  Sec.  Ent.  Soc.  London,  F.L.S.,  &c.  2  vols.  illustrated  with 
above  150  Woodcuts,  comprising  about  2500  distinct  Figures,  £2.  7s.  cloth. 

WHITE’S  COMPENDIUM  OF  THE  VETERINARY  ART; 

Containing  Plain  and  Concise  Observations  on  the  Construction  and  Management  of  the 
Stable ;  a  brief  and  popular  Outline  of  the  Structure  and  Economy  of  the  Horse  ;  the  Nature, 
Symptoms,  and  Treatment  of  the  Diseases  and  Accidents  to  which  the  Horse  is  liable ;  the 
best  method  of  performing  various  Important  Operations  ;  with  Advice  to  the  Purchasers  of 
Horses;  and  a  copious  Materia  Medica  and  Pharmacopoeia.  17th  Edition,  entirely  recon- 
structed,with  considerable  Additions  and  Alterations,  bringing  the  workup  to  the  present  state 
of  Veterinary  Science.  By  W.  C.  Spooner,  Veterinary  Surgeon,  &c.  &c.  8vo.  pp.  588,  with 
coloured  Plate,  16s.  cloth.  London,  1842. 

WHITE’S  COMPENDIUM  OF  CATTLE  MEDICINE; 

Or,  Practical  Observations  on  the  Disorders  of  Cattle  and  other  Domestic  Animals,  except 
the  Horse.  6th  Edition,  re-arranged,  with  copious  Additions  and  Notes,  by  W.  C.  Spooner, 
Vet.  Surgeon,  Author  of  a  “Treatise  on  the  Influenza,”  and  a  “ Treatise  on  the  Foot  and 
Leg  of  the  Horse,”  &c.  8vo.  9s.  cloth. 

WHITE— THE  GOSPEL  PROMOTIVE  OF  TRUE  HAPPINESS,  i 

By  the  Rev.  Hugh  White,  M. A.  12mo.  6s.  cloth.  |i 

WILKIN  SON.— THE  ENGINES  OF  WAR,  &c.  ;i 

Being  a  History  of  Ancient  and  Modern  Projectile  Instruments  and  Engines  of  Warfare  and 
Sporting;  including  the  Manufacture  of  Fire  Arms,  the  History  and  Manufacture  of  Gun¬ 
powder,  of  Swords,  and  of  the  cause  of  the  Damascus  Figure  in  Sword  Blades,  with  some 
Observations  on  Bronze :  to  which  are  added,  Remarks  on  some  Peculiarities  of  Iron,  and  on 
the  Extraordinary  Effect  produced  by  the  Action  of  Sea-water  on  Cast  Iron ;  with  Details  of 
various  Miscellaneous  Experiments.  By  H.  Wilkinson,  M.R.A.S.  1  vol.  8vo.  9s.  cloth. 

WOOD.— A  PRACTICAL  TREATISE  ON  RAILROADS,  AND 

INTERIOR  COMMUNICATION  in  GENERAL;  containing  numerous  Experiments  on 
the  Powers  of  the  Improved  Locomotive  Engines,  and  Tables  of  the  comparative  Cost  of  Con¬ 
veyance  on  Canals,  Railways,  and  Turnpike  Roads.  By  Nicholas  Wood,  Colliery  Viewer, 
Memb.  Inst.  Civ.  Eng.  &c.  Third  edition,  very  greatly  enlarged,  with  13  large  Plates,  and 
several  new  Woodcuts.  £1.  11s.  6d.  cloth. 

YOUNG  LADIES’  BOOK  (THE) ; 

A  Manual  of  Elegant  Recreations,  Exercises,  and  Pursuits.  4th  Edition,  with  numerous 
beautifully  executed  Engravings  on  WTood.  ^1.  Is.  elegantly  bound  in  crimson  silk, lined  with 
imitation  of  Mechlin  lace. 


j  Recently  published , 

Octavo,  price  Half-a-Crown,  boards,  the  New  Edition  of  Messrs.  Longman  and  Co.’s 

,  General  Catalogue 

Of  WORKS  in  all  departments  of  ENGLISH  LITERATURE,  Classified,  with  a  general 
alphabetical  Index.  With  the  necessary  Corrections  and  Additions  to  March  1843. 

Also,  S vo.  Gratis, 

MESSRS.  LONGMAN  &  CO.’S  CATALOGUE  of  OLD  BOOKS  for  1843, 
containing  various  Works  in  General  Literature ;  besides  Bolandus,  Acta  Sanctorum,  53  vols. 
fol.  —  Baronii  Annales  Sacri  et  Ecclesiastici,  42  vols.  fol.  large  paper  —  Labbei  et  Coleti 
Sacramenta  Consilia  ad  Regiam,  23  vols.  fob — Piranesi,  Opere,  25  vols.  fob— Description  de 
;  l’Egypte,  par  ordre  de  Napoldon,  23  vols.  fob  papier  velin— &c.  &c. 
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